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(54) EXHAUST GAS RECIRCULATION CONTROLLER 

(57)Abstract: 

PURPOSE: To correctly carry out the exhaust gas 
recirculation control at all times by controlling the EGR flow 
rate so that the actual EGR rate based on the intake air 
quantity and the internal pressure in an intake pipe and the 
internal pressure of an EGR pipe accords with the target EGR 
rate based on the operation state information of an internal 
combustion engine. 

CONSTITUTION: Exhaust gas is allowed to recirculate to an 
intake pipe 3 through an EGR pipe 10 having an EGR valve 1 1. 
The EGR valve 1 1 is controlled by an electronic type control 
unit 22 on the basis of the operation state information of an 
internal combustion engine which is detected by a sensor 
means. In this case, as the sensor means, are arranged a 
sensor 12 for detecting the intake air quantity in the intake 
pipe 3 f sensor 6 for detecting the internal pressure of the 
intake pipe 3, and a sensor 18 for detecting the internal 
pressure of the EGR pipe 10. The electronic type control unit 
22 calculates the target EGR rate according to the operation 
state information. Further, the actual EGR rate is calculated on 

the basis of the detection values of the sensors 6, 12, and 18. Further, the EGR flow rate is controlled 
so that the actual value of the EGR rate accords with the target value, and the erroneous control due 
to the dispersion of the EGR valve, etc., and the variation due to the lapse of time are prevented, and 
the reliability is improved. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] EGR tubing which makes an internal combustion engine's exhaust gas flow back to an inlet pipe, 
and the EGR valve which controls the EGR flow rate of the exhaust gas which flows in said EGR tubing, It 
has a sensor means to detect said internal combustion engine's operational status, and the EGR flow rate 
control means which controls said EGR valve according to the operational status information from said 
sensor means. In the exhaust gas reflux control unit which makes a part of said internal combustion 
engine's exhaust gas flow back again to said internal combustion engine said sensor means The intake air 
flow sensor which detects the inhalation air content to said inlet pipe, and the pressure-of-induction-pipe 
force sensor which detects the pressure within [ said ] inhalation of air, A target EGR rate calculation 
means to compute a target EGR rate according to said operational status information including the EGR 
pressure sensor which detects the pressure in said EGR tubing, It has an EGR flow rate calculation means 
including a real EGR rate calculation means to compute an actual EGR rate based on said inhalation air 
content, the pressure-of-induction-pipe force, and an EGR pressure. Said EGR flow rate control means The 
exhaust gas reflux control unit characterized by controlling said EGR flow rate so that said EGR rate is in 
agreement with said target EGR rate by changing the path area of said EGR valve. 

[Claim 2] The exhaust gas reflux control unit of claim 1 characterized by preparing an orifice in said EGR 

tubing of the downstream rather than the installation location of said EGR pressure sensor. 

[Claim 3] The exhaust gas reflux control unit of claim 1 characterized by establishing an atmospheric 

pressure detection means to ask for atmospheric pressure based on said pressure-of-induction-pipe force at 

the time of said internal combustion engine's idle state, or the full open condition of said inlet pipe, or claim 

2. 

[Claim 4] EGR tubing which makes an internal combustion engine's exhaust gas flow back to an inlet pipe, 
and the EGR valve which controls the EGR flow rate of the exhaust gas which flows in said EGR tubing, It 
has a sensor means to detect said internal combustion engine's operational status, and the EGR flow rate 
control means which controls said EGR valve according to the operational status information from said 
sensor means. In the exhaust gas reflux control unit which makes a part of said internal combustion 
engine's exhaust gas flow back again to said internal combustion engine said sensor means The intake air 
flow sensor which detects the inhalation air content to said inlet pipe, and the EGR pressure sensor which 
detects the pressure in said EGR tubing are included. A pressure-of-induction-pipe force calculation means 
to compute the pressure within [ said ] inhalation of air based on said internal combustion engine's 
rotational frequency and said inhalation air content, A target EGR rate calculation means to compute a 
target EGR rate according to said operational status information, It has an EGR flow rate calculation means 
including a real EGR rate calculation means to compute an actual EGR rate based on said inhalation air 
content, the pressure-of-induction-pipe force, and an EGR pressure. Said EGR flow rate control means The 
exhaust gas reflux control unit characterized by controlling said EGR flow rate so that said EGR rate is in 
agreement with said target EGR rate by changing the path area of said EGR valve. 
[Claim 5] A means to judge said internal combustion engine's steady operation condition, and the EGR 
control prohibition means which sets said EGR flow rate to 0 compulsorily when judged with said steady 
operation condition, An EGR pressure deflection calculation means to compute the deflection of the EGR 
pressure at the time of the EGR control in said steady operation condition, and the EGR pressure in an EGR 
control prohibition condition, The exhaust gas reflux control unit of claim 4 characterized by establishing a 
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e amendment means to amend said pressure-of-induction-pipe force based 
on said EGR pressure deflection. 

[Claim 6] EGR tubing which makes an internal combustion engine's exhaust gas flow back to an inlet pipe, 
and the EGR valve which controls the EGR flow rate of the exhaust gas which flows in said EGR tubing, It 
has a sensor means to detect said internal combustion engine's operational status, and the EGR flow rate 
control means which controls said EGR valve according to the operational status information from said 
sensor means. In the exhaust gas reflux control unit which makes a part of said internal combustion 
engine's exhaust gas flow back again to said internal combustion engine said sensor means The pressure-of- 
induction-pipe force sensor which detects the pressure within [ said ] inhalation of air, and the EGR 
pressure sensor which detects the pressure in said EGR tubing are included. An inhalation air content 
calculation means to compute the inhalation air content to said inlet pipe based on said internal combustion 
engine's rotational frequency and pressure-of-induction-pipe force, A target EGR rate calculation means to 
compute a target EGR rate according to said operational status information, It has an EGR flow rate 
calculation means including a real EGR rate calculation means to compute an actual EGR rate based on 
said inhalation air content, the pressure-of-induction-pipe force, and an EGR pressure. Said EGR flow rate 
control means The exhaust gas reflux control unit characterized by controlling said EGR flow rate so that 
said EGR rate is in agreement with said target EGR rate by changing the path area of said EGR valve. 
[Claim 7] A means to judge said internal combustion engine's steady operation condition, and the EGR 
control prohibition means which sets said EGR flow rate to 0 compulsorily when judged with said steady 
operation condition, An EGR pressure deflection calculation means to compute the deflection of the EGR 
pressure at the time of the EGR control in said steady operation condition, and the EGR pressure in an EGR 
control prohibition condition, The exhaust gas reflux control unit of claim 6 characterized by establishing 
an inhalation air content amendment means to amend said inhalation air content based on said EGR 
pressure deflection. 

[Claim 8] The exhaust gas reflux control unit of claim 6 characterized by establishing an atmospheric 
pressure detection means to ask for atmospheric pressure based on said pressure-of-induction-pipe force at 
the time of said internal combustion engine's idle state, or the full open condition of said inlet pipe, or claim 
7. 

[Claim 9] One from claim 1 characterized by establishing the evapotranspiration gas recovery means for 
collecting the evapotranspiration gas from a fuel tank to said internal combustion engine, an amount 
detection means of evapotranspiration gas installation to detect the amount of installation of said 
evapotranspiration gas, and an EGR flow rate amendment means to amend said EGR flow rate according to 
said amount of evapotranspiration gas installation to claim 8 of exhaust gas reflux control units. 
[Claim 10] One from claim 1 characterized by establishing the evapotranspiration gas recovery means for 
collecting the evapotranspiration gas from a fiiel tank to said internal combustion engine, and an 
evapotranspiration gas recovery prohibition means to forbid actuation of said evapotranspiration gas 
recovery means during activation of said EGR control to claim 8 of exhaust gas reflux control units. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the exhaust gas reflux control device which prevented the 
incorrect control which originates in variations and aging, such as an EGR valve, especially about the 
exhaust gas reflux control device which used the EGR valve of a stepper motor mold in order to make an 
internal combustion engine's exhaust gas flow back (henceforth EGR), and raised dependability. 
[0002] 

[Description of the Prior Art] In order to lower an internal combustion engine's combustion temperature 
and to control the NOx component in exhaust gas in internal combustion engine control units, such as an 
automobile engine, conventionally, the EGR control technique of making a part of exhaust gas flowing 
back again to an internal combustion engine is known well. Drawing 16 is the block diagram showing 
roughly the whole system of the conventional exhaust gas reflux control unit. 

[0003] An air cleaner for an internal combustion engine, i.e., an engine, and 2 to purify the inhalation air to 
an engine 1 in drawing in 1 , An inlet pipe for 3 to supply the air through an air cleaner 2 to an engine 1 , 
The intake manifold by which 4 was prepared in the downstream of an inlet pipe 3, i.e., the inspired air 
flow path of an engine 1 (It is hereafter called IMMANI), the injector with which 5 injects a fuel in 
IMMANI 4 of an inlet pipe 3, The throttle valve which 7 is prepared in an inlet pipe 3 and controls an 
inhalation-of-air flow rate, the throttle opening sensor by which 8 detects the opening theta of a throttle 
valve 7, and 9 are bypass air control-of-flow means to control the air flow rate of the path which bypasses 
the upstream and the downstream of a throttle valve 7. 

[0004] EGR tubing for 10 to make the exhaust gas of an engine 1 flowing back to an inlet-pipe 3 side and 
11 are the EGR valves of the stepper motor mold which controls the flow rate of the exhaust gas which 
flows the EGR tubing 10. The EGR valve 1 1 constitutes the EGR flow rate control means which controls 
an EGR flow rate to become a flow rate according to the operational status of an engine 1 . 
[0005] 12 is an intake air flow sensor which detects the inhalation air content Qa to an inlet pipe 3, for 
example, consists of a vane scheme, and measures a volumetric flow rate as a detection air content Qa. 
Therefore, the intake temperature sensor and the atmospheric-pressure sensor (neither is illustrated) are 
formed in the interior or the exterior of an intake air flow sensor 12, and the mass air content actually 
inhaled by the engine 1 is measured. 

[0006] An exhaust pipe for the ignition coil which generates the high voltage for 13 to burn each gas 
column of an engine 1, the ignitor to which 14 carries out energization cutoff of the upstream current of an 
ignition coil 13, and 15 to discharge the exhaust gas after combustion with an engine 1, and 16 are the 
catalysts for exhaust gas purification prepared in the lower stream of a river of an exhaust pipe 1 5. 
[0007] The ignition signal Q from the ignition coil 13 driven by the ignitor 14 supports the rotational 
frequency of an engine 1, and functions also as a sensor signal showing a rotational frequency. 17 is a 
coolant temperature sensor which detects the temperature T of the cooling water of an engine 1 , and 
constitutes a sensor means to offer the operational status information on an engine 1 with the throttle 
opening sensor 8 and ignition coil 13 grade. The dc-battery with which 20 becomes the power source of 
mounted equipment, and 21 are the ignition key switches for being closed at the time of starting and 
supplying the power of a dc-battery 20 to mounted equipment. 

[0008] 22 is the electronic formula control unit which consists of a computer system started by the electric 
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supply from a dc-battery 20,rncorporates the operational-status information (namely, the throttle opening 
theta, the inhalation air content Qa, a circulating water temperature T, the ignition signal Q, etc.) from 
various sensor means, and outputs the combustion injection control signal J over an injector 5, and the EGR 
control signal Cr over the EGR valve 1 1 including the combustion injection-quantity calculation means, the 
EGR flow rate calculation means, etc. compute the combustion injection quantity and the EGR flow rate Qr 
according to operational-status information. 

[0009] Drawin g 17 is the block diagram showing the detail configuration of the electronic formula control 
unit 22 in drawing 16 . CPU200 which 100 is a microcomputer and computes the control signal J of an 
injector 5, the control signal Cr of the EGR valve 11, etc. in drawing according to a predetermined program 
based on the operational status information Q, Qa, theta, and T, The counter 201 of free running for 
measuring the rotation period of an engine 1, The timer 202 which clocks time amount for various control, 
and A/D converter 203 which changes an analog input signal into a digital signal, It consists of RAM205 
used as work-piece memory, ROM206 various programs of operation are remembered to be, an output port 
207 for outputting each control signals J and Cr, and a common bus 208 which combines each elements 
201-207 with CPU200. 

[0010] 101 is the 1st input interface circuitry, it shapes the ignition signal Q of the upstream of an ignition 
coil 13 in waveform, considers as an interruput signal, and is inputted into a microcomputer 100. When this 
interruput signal occurs, it computes the rotation period of an engine 1 from the difference of these readings 
and the last readings, and is made to memorize it to RAM205 while CPU200 in a microcomputer 100 reads 
the value of a counter 201 . 

[001 1] 102 is the 2nd input interface circuitry, incorporates each sensor signals theta, Qa, and T from the 
throttle opening sensor 8, an intake air flow sensor 12, and coolant temperature sensor 17 grade, and inputs 
them into A/D converter 203. 104 is an output interface circuitry, amplifies, the drive outputs J and Cr, i.e., 
the control signals, from an output port 207, and outputs them to an injector 5 and the EGR valve 11. 
[0012] Drawing 1 8 is the sectional side elevation showing the structure of the EGR valve 11, and 30 is 
attached in the valve body upper part of the EGR valve 1 1 . The EGR valve 1 1 The stepper motor of an 
unipolar mold controllable to 48 steps from a close by-pass bulb completely to full open, The motor shaft 
with which the rotation drive of 3 1 is carried out by the stepper motor 30, the delivery screw by which a 
vertical drive is carried out by interlocking with [ shaft / 31 / motor ] 32 and rotating, The valve stem for 
the vertical drive of 33 being carried out with the delivery screw 32, and adjusting the path area of the EGR 
valve 11, The compression spring to which 34 energizes a valve stem 33 in a direction a top 
(disconnection), and 35 are the translators containing the delivery screw 32 which is formed between the 
motor shaft 3 1 of a stepper motor 30, and a valve stem 32, and changes rotation of the motor shaft 3 1 into 
vertical motion of a valve stem 33. 

[0013] Drawing 19 is the property Fig. showing the relation between the flow rate [a part for liter/] of the 
EGR valve 11, and the number of steps of a stepper motor 30, an axis of abscissa expresses the number of 
steps of a stepper motor 30, and an axis of ordinate expresses an EGR flow rate, the flow characteristics of 
drawing 19 - setting ~ the number of steps of a stepper motor 30 ~ the EGR valve 1 1 is [ the EGR valve 
1 1 / the number of steps of a close by-pass bulb completely and a stepper motor 30 ] opened fully by "0" 
"48." 

[0014] In this case, it is shown that differential pressure deltaP of the inlet port of the EGR valve 1 1 and an 
outlet is set to 200mmHg(s) at the time of full open of the EGR valve 1 1 (an EGR flow rate is 500 [a part 
for liter/]). It cannot be overemphasized that differential pressure deltaP before and behind the EGR valve 
1 1 becomes higher in a close-by-pass-bulb-completely side than 200mmHg(s). 

[0015] Drawing 20 and drawing 21 are flow charts which show actuation of CPU200 of the conventional 
exhaust gas reflux control device, drawin g 20 shows processing of a main routine and drawi ng 2 1 shows an 
EGR control manipulation routine. Next, actuation of the conventional exhaust gas reflux control unit 
shown in drawing 16 - drawing 18 is explained, referring to drawing 19 - drawing 21 . 
[0016] First, in other control processing step SI in a main routine, processing of calculation of the engine 
speed Ne based on the ignition signal Q, reading of the sensor signal from A/D converter 203, fuel control, 
etc. is performed. After this control processing step SI is completed, the EGR control processing step S2 is 
carried out, and it returns to step SI. Control of an engine 1 is carried out by the above control processing 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi_ejje 



2/4/2005 



Page 3 of 16 

# # 

steps SI and S2. 

[0017] The EGR control processing step S2 in drawing 20 is specifically performed like drawing 21 . First, 
in step S601, engine-speed Ne and the inhalation air content Qa which processing has already ended by 
other control manipulation routines SI are read. Then, in step S602, the target stepper motor opening 
(number of steps) decided beforehand is computed based on the engine speed Ne and the inhalation air 
content Qa which were read. 

[0018] Then, in order to carry out amendment by the engine standby of an engine 1, in step S603, the water 
temperature [ finishing / processing ] T is read by other manipulation routines SI. Next, in step S604, 
according to water temperature T, the target stepper motor opening for which it asked by S602 is amended 
so that it may decrease the more, the more water temperature T is low. 

[0019] The return of the stepper motor 30 is driven and carried out so that it may finally become the target 
stepper motor opening computed and amended at steps S602 and S604 in step S605. Control of the EGR 
flow rate Qr is performed by the above processing steps S601-S605. 

[0020] Next, concrete actuation of a stepper motor 30 is explained, referring to drawin g 22 and drawing 
23 . Drawing 22 (a) and (b) are the explanatory views showing the relative relation of each phase of the 
stepper motor 30 which drives the EGR valve 11, and the connection relation between a stepper motor 30 
and the electronic formula control unit 22. Moreover, drawing 23 (a) and (b) are the explanatory views 
showing the drive pattern and hand of cut by 2 phase excitation method of a stepper motor 30. 
[0021] As shown in drawing 22 , the coil of Coil A and Coil B is a BAIFEIRA volume which has 
PURASUKOMON of a dc-battery 20, and if one side is excited on the same coil, the direction of magnetic 
flux of another side is constituted so that it may become reverse, respectively. 

[0022] Thus, if the constituted stepper motor 30 is driven by 2 phase excitation method shown in drawing 
23 , in a step location "0", the stator (slash section in drawin g 22 (a)) of (1) phase shown by the number in 
the circle of drawing 22 and (2) phases will be excited. Therefore, a stator serves as magnetic pole (N, S) 
distribution shown in drawing 22 (a), and the south pole of Rota is positioned in response to this in the step 
location "0" equivalent to the center section of the N pole compounded by (1) phase and (2) phases. 
[0023] In a step location "1", the magnetic pole of Coil A is reversed, and since excitation of (1) phase is 
solved and (3) phases are excited, the south pole of Rota moves to the step location "1" which is equivalent 
to the center section of the N pole compounded by (2) phases and (3) phases like the arrow head shown in 
drawin g 22 (a). 

[0024] In a step location "2", the magnetic pole of Coil B is reversed, and since excitation of (2) phases is 
solved and (4) phases are excited, the south pole of Rota moves to a step location "2" further. Excited 
hereafter shifting two phases at a time, rotating magnetic field occur by giving the same pattern, step 
migration is repeated, and the motor shaft 31 rotates counterclockwise like drawing 23 (b). Moreover, if a 
pattern is changed in the direction contrary to drawing 23 (a), the hand of cut of the motor shaft 3 1 will 
serve as reverse (clockwise rotation). 

[0025] alpha (it corresponds to a flow rate Qr) is [ whenever / valve-opening / of the EGR valve 1 1 ] 
controllable using the above approach by exciting each coil of a stepper motor 30 with the predetermined 
time interval tau (100 m seconds, 100PPS [a pulse per second] fairly) in draw ing 23 (a). 
[0026] Here, although the EGR valve 1 1 of a stepper motor mold was used as an actuator for the amount 
control of EGR(s), the EGR valve of a vacuum motor mold may be used. In this case, if the position sensor 
for detecting alpha whenever [ EGR valve-opening ] is prepared further, alpha can be controlled whenever 
[ EGR valve-opening ] like ****, and the EGR flow rate Qr can be controlled. 

[0027] However, since alpha is controlled whenever [ EGR valve-opening ], when plugging of the EGR 
valve 1 1 etc. occurs by the manufacture variation and aging of the EGR valve 11, error deltaQr is produced 
in the relation between alpha and the EGR flow rate Qr whenever [ EGR valve-opening ] as shown in 
drawing 24 , and there is a possibility that an exhaust-gas discharge may increase. In drawing 24 , the 
property of the valve plugging article [ according / a broken line / to aging ] according [ a continuous line ] 
to the property of a normal article and an alternate long and short dash line are the upper limits and 
minimum properties of manufacture variation. 

[0028] If variation deltaQr of EGR flow characteristics like drawing 24 arises, it will become impossible to 
obtain the exact EGR flow rate Qr, but to correspond to strengthening of a value for control of exhaust gas 
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which is seen especially in^^fornia in the United States in recent years only by alpha, whenever [ EGR 
valve-opening ]. Moreover, an error arises to the EGR flow rate Qr similarly by the variation in an engine 1 
or other components. 

[0029] Furthermore, since an evapotranspiration gas recovery system operates independently to EGR 
control in the case of the EGR control unit equipped with the evapotranspiration gas recovery system (not 
shown), EGR control and an evapotranspiration gas recovery system can operate to coincidence. The 
pressure-of-induction-pipe force Pm will change with the effects of [ at the time of actuation of an 
evapotranspiration gas recovery system ], and it will become impossible in this case, to compute the exact 
EGR flow rate Qr. 
[0030] 

[Problem(s) to be Solved by the Invention] Since the conventional exhaust gas reflux control unit is 
constituted as mentioned above and the EGR flow rate Qr was controlled by alpha whenever [ according to 
operational status / EGR valve-opening ], when EGR valve plugging occurred by the manufacture variation 
and aging of the EGR valve 1 1 , there was a trouble that produced an error in the relation between alpha and 
the EGR flow rate Qr whenever [ EGR valve-opening ], and an exhaust-gas discharge increased as shown 
in d rawing 24 . 

[0031] Moreover, there was a trouble that an error arose to the EGR flow rate Qr similarly, and an exhaust- 
gas discharge increased also by the variation in an engine 1 or other components. 

[0032] Furthermore, when it had an evapotranspiration gas recovery system and an evapotranspiration gas 
recovery system operated to EGR control and coincidence, the pressure-of-induction-pipe force Pm 
changed with the effects of [ at the time of actuation of an evapotranspiration gas recovery system ], and 
there was a trouble that it became impossible to compute the exact EGR flow rate Qr, an error arose to the 
EGR flow rate Qr, and an exhaust-gas discharge increased. 

[0033] It was not made in order that claim 1 of this invention might solve the above troubles, and it aims at 
obtaining the exhaust gas reflux control unit which cannot be based on the property variation of an EGR 
valve, but can control an EGR flow rate correctly. 

[0034] Moreover, claim 2 of this invention aims at obtaining the exhaust gas reflux control unit which can 
control an EGR flow rate still more correctly in claim 1 . 

[0035] Moreover, claim 3 of this invention aims at obtaining the exhaust gas reflux control unit which can 
omit an atmospheric pressure sensor in claim 1 or claim 2. 

[0036] Moreover, claim 4 of this invention aims at obtaining the exhaust gas reflux control unit which 
raised the dependability of EGR control of flow by omitting a pressure-of-induction-pipe force sensor, 
without causing a cost rise. 

[0037] Moreover, claim 5 of this invention aims at obtaining the exhaust gas reflux control unit which 
raised the dependability of EGR control of flow further by amending the pressure-of-induction-pipe force 
searched for by the operation in claim 4, and compensating the error by the engine or other components 
variations. 

[0038] Moreover, claim 6 of this invention aims at obtaining the exhaust gas reflux control unit which 
raised the dependability of EGR control of flow by omitting an intake air flow sensor, without causing a 
cost rise. 

[0039] Moreover, claim 7 of this invention aims at obtaining the exhaust gas reflux control unit which 
raised the dependability of EGR control of flow further by amending the inhalation air content calculated 
by the operation in claim 6, and compensating the error by the engine or other components variations. 
[0040] Moreover, claim 8 of this invention aims at obtaining the exhaust gas reflux control unit which can 
omit an atmospheric pressure sensor in claim 6. 

[0041] Moreover, claim 9 and claim 10 of this invention aim at obtaining the exhaust gas reflux control 
unit which raised the dependability of EGR control of flow further by preventing the pressure-of-induction- 
pipe force change by actuation of an evapotranspiration gas recovery system, and losing the effect of an 
evapotranspiration gas recovery system. 
[0042] 

[Means for Solving the Problem] The exhaust gas reflux control unit concerning claim 1 of this invention 
EGR tubing which makes an internal combustion engine's exhaust gas flow back to an inlet pipe, and the 
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EGR valve which controls tflrEGR flow rate of the exhaust gas which flows in EGR tubing, It has a sensor 
means to detect an internal combustion engine's operational status, and the EGR flow rate control means 
which controls an EGR valve according to the operational status information from a sensor means. In the 
exhaust gas reflux control unit which makes a part of an internal combustion engine's exhaust gas flow 
back again to an internal combustion engine a sensor means The intake air flow sensor which detects the 
inhalation air content to an inlet pipe, and the pressure-of-induction-pipe force sensor which detects the 
pressure within inhalation of air, A target EGR rate calculation means to compute a target EGR rate 
according to operational status information including the EGR pressure sensor which detects the pressure in 
EGR tubing, It has an EGR flow rate calculation means including a real EGR rate calculation means to 
compute an actual EGR rate based on an inhalation air content, the pressure-of-induction-pipe force, and an 
EGR pressure. An EGR flow rate control means By changing the path area of an EGR valve, an EGR flow 
rate is controlled so that an EGR rate is in agreement with a target EGR rate. 

[0043] Moreover, the exhaust gas reflux control unit concerning claim 2 of this invention prepares an 
orifice in EGR tubing of the downstream rather than the installation location of an EGR pressure sensor in 
claim 1. 

[0044] Moreover, the exhaust gas reflux control unit concerning claim 3 of this invention establishes an 
atmospheric pressure detection means to ask for atmospheric pressure based on the pressure-of-induction- 
pipe force at the time of an internal combustion engine's idle state or the full open condition of an inlet 
pipe, in claim 1 or claim 2. 

[0045] Moreover, the exhaust gas reflux control unit concerning claim 4 of this invention EGR tubing 
which makes an internal combustion engine's exhaust gas flow back to an inlet pipe, and the EGR valve 
which controls the EGR flow rate of the exhaust gas which flows in EGR tubing, It has a sensor means to 
detect an internal combustion engine's operational status, and the EGR flow rate control means which 
controls an EGR valve according to the operational status information from a sensor means. In the exhaust 
gas reflux control unit which makes a part of an internal combustion engine's exhaust gas flow back again 
to an internal combustion engine a sensor means A pressure-of-induction-pipe force calculation means to 
compute the pressure within inhalation of air based on an internal combustion engine's rotational frequency 
and inhalation air content including the intake air flow sensor which detects the inhalation air content to an 
inlet pipe, and the EGR pressure sensor which detects the pressure in EGR tubing, A target EGR rate 
calculation means to compute a target EGR rate according to operational status information, It has an EGR 
flow rate calculation means including a real EGR rate calculation means to compute an actual EGR rate 
based on an inhalation air content, the pressure-of-induction-pipe force, and an EGR pressure. An EGR 
flow rate control means By changing the path area of an EGR valve, an EGR flow rate is controlled so that 
an EGR rate is in agreement with a target EGR rate. 

[0046] Moreover, the exhaust gas reflux control unit concerning claim 5 of this invention A means to judge 
an internal combustion engine's steady operation condition in claim 4, and the EGR control prohibition 
means which sets an EGR flow rate to 0 compulsorily when judged with a steady operation condition, An 
EGR pressure deflection calculation means to compute the deflection of the EGR pressure at the time of the 
EGR control in a steady operation condition and the EGR pressure in an EGR control prohibition 
condition, and a pressure-of-induction-pipe force amendment means to amend the pressure-of-induction- 
pipe force based on EGR pressure deflection are established. 

[0047] Moreover, the exhaust gas reflux control unit concerning claim 6 of this invention EGR tubing 
which makes an internal combustion engine's exhaust gas flow back to an inlet pipe, and the EGR valve 
which controls the EGR flow rate of the exhaust gas which flows in EGR tubing, It has a sensor means to 
detect an internal combustion engine's operational status, and the EGR flow rate control means which 
controls an EGR valve according to the operational status information from a sensor means. In the exhaust 
gas reflux control unit which makes a part of an internal combustion engine's exhaust gas flow back again 
to an internal combustion engine a sensor means An inhalation air content calculation means to compute 
the inhalation air content to an inlet pipe based on an internal combustion engine's rotational frequency and 
pressure-of-induction-pipe force including the pressure-of-induction-pipe force sensor which detects the 
pressure within inhalation of air, and the EGR pressure sensor which detects the pressure in EGR tubing, A 
target EGR rate calculation means to compute a target EGR rate according to operational status 
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information, It has an EGR now rate calculation means including a real EGR rate calculation means to 
compute an actual EGR rate based on an inhalation air content, the pressure-of-induction-pipe force, and an 
EGR pressure. An EGR flow rate control means By changing the path area of an EGR valve, an EGR flow 
rate is controlled so that an EGR rate is in agreement with a target EGR rate. 

[0048] Moreover, the exhaust gas reflux control unit concerning claim 7 of this invention A means to judge 
an internal combustion engine's steady operation condition in claim 6, and the EGR control prohibition 
means which sets an EGR flow rate to 0 compulsorily when judged with a steady operation condition, An 
EGR pressure deflection calculation means to compute the deflection of the EGR pressure at the time of the 
EGR control in a steady operation condition and the EGR pressure in an EGR control prohibition 
condition, and an inhalation air content amendment means to amend an inhalation air content based on 
EGR pressure deflection are established. 

[0049] Moreover, the exhaust gas reflux control unit concerning claim 8 of this invention establishes an 
atmospheric pressure detection means to ask for atmospheric pressure based on the pressure-of-induction- 
pipe force at the time of an internal combustion engine's idle state or the full open condition of an inlet 
pipe, in claim 6 or claim 7. 

[0050] Moreover, the exhaust gas reflux control unit concerning claim 9 of this invention establishes the 
evapotranspiration gas recovery means for collecting the evapotranspiration gas from a fuel tank from 
claim 1 to an internal combustion engine in either to claim 8, an amount detection means of 
evapotranspiration gas installation to detect the amount of installation of evapotranspiration gas, and an 
EGR flow rate amendment means to amend an EGR flow rate according to the amount of 
evapotranspiration gas installation. 

[0051] Moreover, the exhaust gas reflux control unit concerning claim 9 of this invention establishes the 
evapotranspiration gas recovery means for collecting the evapotranspiration gas from a fuel tank from 
claim 1 to an internal combustion engine in either to claim 8, and an evapotranspiration gas recovery 
prohibition means to forbid actuation of an evapotranspiration gas recovery means during activation of 
EGR control. 
[0052] 

[Function] In claim 1 of this invention, operational status, an inhalation air content, the pressure-of- 
induction-pipe force, and an EGR pressure are detected, presumed calculation of a target EGR rate and the 
real EGR rate is carried out according to a predetermined formula from operational status, the pressure-of- 
induction-pipe force, and an EGR pressure, and whenever [ EGR valve-opening ] is controlled based on an 
inhalation air content, a target EGR rate, and a real EGR rate. This controls an EGR flow rate correctly and 
an exhaust-gas discharge is reduced. 

[0053] Moreover, in claim 2 of this invention, while making remarkable differential pressure of an EGR 
pressure and the pressure-of-induction-pipe force by the orifice, operational status, an inhalation air 
content, the pressure-of-induction-pipe force, and an EGR pressure are detected, presumed calculation of a 
target EGR rate and the real EGR rate is carried out according to a predetermined formula from operational 
status, the pressure-of-induction-pipe force, and an EGR pressure, and whenever [ EGR valve-opening ] is 
controlled based on an inhalation air content, a target EGR rate, and a real EGR rate. This controls an EGR 
flow rate correctly and an exhaust-gas discharge is reduced. 

[0054] Moreover, in claim 3 of this invention, while detecting operational status, an inhalation air content, 
the pressure-of-induction-pipe force, and an EGR pressure and carrying out presumed detection of the 
atmospheric pressure from halt operational status or the pressure-of-induction-pipe force in the time of 
inlet-pipe full open, according to a predetermined formula, presumed calculation of a target EGR rate and 
the real EGR rate is carried out from operational status, the pressure-of-induction-pipe force, and an EGR 
pressure, and whenever [ EGR valve-opening ] is controlled based on an inhalation air content, a target 
EGR rate, and a real EGR rate. While realizing a cost cut by this, using an atmospheric pressure sensor as 
unnecessary, an EGR flow rate is controlled correctly and an exhaust-gas discharge is reduced. 
[0055] Moreover, in claim 4 of this invention, an exhaust-gas discharge is reduced by detecting operational 
status, an inhalation air content, and an EGR pressure, carrying out presumed calculation of the pressure- 
of-induction-pipe force, a target EGR rate, a real EGR rate, and the atmospheric pressure according to a 
predetermined formula, controlling whenever [ EGR valve-opening ] based on an inhalation air content, a 
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target EGR rate, and a real^^. rate, and controlling an EGR flow rate correctly. Moreover, a cost cut is 
realized, using a pressure-of-induction-pipe force sensor as unnecessary. 

[0056] Moreover, in claim 5 of this invention, operational status, an inhalation air content, and an EGR 
pressure are detected, presumed calculation of the pressure-of-induction-pipe force, a target EGR rate, a 
real EGR rate, and the atmospheric pressure is carried out according to a predetermined formula, whenever 
[ EGR valve-opening ] is controlled based on an inhalation air content, a target EGR rate, and a real EGR 
rate, and an EGR flow rate is controlled correctly. Thereby, while reducing an exhaust gas discharge, a cost 
cut is realized, using a pressure-of-induction-pipe force sensor as unnecessary. Moreover, a calculation 
inhalation air content is amended based on the EGR path pressure deflection of the EGR existence in 
predetermined operational status, and components variations, such as an engine and an EGR valve, are 
compensated. 

[0057] Moreover, in claim 6 of this invention, an exhaust-gas discharge is reduced by detecting operational 
status, the pressure-of-induction-pipe force, and an EGR pressure, carrying out presumed calculation of an 
inhalation air content, a target EGR rate, a real EGR rate, and the atmospheric pressure according to a 
predetermined formula, controlling whenever [ EGR valve-opening ] based on an inhalation air content, a 
target EGR rate, and a real EGR rate, and controlling an EGR flow rate correctly. Moreover, a cost cut is 
realized, using an intake air flow sensor as unnecessary. 

[0058] Moreover, in claim 7 of this invention, operational status, the pressure-of-induction-pipe force, and 
an EGR pressure are detected, presumed calculation of an inhalation air content, a target EGR rate, a real 
EGR rate, and the atmospheric pressure is carried out according to a predetermined formula, whenever 
[ EGR valve-opening ] is controlled based on an inhalation air content, a target EGR rate, and a real EGR 
rate, and an EGR flow rate is controlled correctly. Thereby, while reducing an exhaust gas discharge, a cost 
cut is realized, using an intake air flow sensor as unnecessary. Moreover, a calculation inhalation air 
content is amended based on the EGR path pressure deflection of the EGR existence in predetermined 
operational status, and components variations, such as an engine and an EGR valve, are compensated. 
[0059] Moreover, in claim 8 of this invention, while detecting operational status, the pressure-of-induction- 
pipe force, and an EGR pressure and carrying out presumed detection of the atmospheric pressure from halt 
operational status or the pressure-of-induction-pipe force in the time of full open, according to a 
predetermined formula, presumed calculation of an inhalation air content, a target EGR rate, and the real 
EGR rate is carried out from operational status, the pressure-of-induction-pipe force, and an EGR pressure, 
and whenever [ EGR valve-opening ] is controlled based on an inhalation air content, a target EGR rate, 
and a real EGR rate. While this controls an EGR flow rate correctly and reducing an exhaust-gas discharge, 
a cost cut is realized using an intake air flow sensor and an atmospheric pressure sensor as unnecessary. 
[0060] Moreover, in claim 9 of this invention, the amount of evapotranspiration gas installation is 
computed, an EGR flow rate is amended from the amount of evapotranspiration gas installation, and the 
effect of an evapotranspiration gas recovery system is lost. 

[0061] Moreover, in claim 10 of this invention, the effect of an evapotranspiration gas recovery system is 
lost by forbidding evapotranspiration gas recovery system behavior at the time of EGR control. 
[0062] 
[Example] 

The example 1 (it corresponds to claim 1 - claim 3) of this invention is explained about drawing below 
example 1 . The block diagram in which drawing 1 shows the whole system of the example 1 of this 
invention roughly, the block diagram in which drawing 2 shows the detail of the electronic formula control 
unit 22 in drawing 1 , and drawing 3 are the expanded sectional views showing the periphery of the EGR 
tubing 10 in drawing 1 , and 1-5, 7-17, 20-22,100-105, and 200-208 are the same as that of the above- 
mentioned in each drawing. In this case, the function of the EGR flow rate control means in the electronic 
formula control unit 22 differs from the above-mentioned. Moreover, the concrete structure and the drive 
approach of the EGR valve 1 1 are as having been shown in drawing 18 , drawing 19 , drawing 22 , and 
drawing 23 . The pressure-of-induction-pipe force sensor by which 6 detects the pressure-of-induction-pipe 
force Pm of the IMMANI section in an inlet pipe 3, and 18 are EGR pressure sensors which detect the EGR 
pressure Pr in the EGR tubing 10, and the pressure-of-induction-pipe force Pm and the EGR pressure Pr are 
inputted into the electronic formula control unit 22. 
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[0063] 19 is the orifice pre^fe in the EGR tubing 10 so that it may be easy to produce differential 
pressure among the both ends of the EGR tubing 10, and it is prepared in the location near the downstream 
3, i.e., an inlet pipe, rather than the installation location of the EGR pressure sensor 18. 23 is an alarm lamp 
which answers an alarm signal F from the electronic formula control unit 22, and is turned on. 
[0064] Moreover, in drawing 3 , atmospheric pressure for Pa to calculate the inhalation air content Qa as 
mass in an inlet pipe 3 and Pex are the exhaust gas pressure in an exhaust pipe 15. In addition, since 
differential pressure exists in the EGR tubing 10 even if it does not form an orifice 19, an orifice 19 is also 
omissible. 

[0065] A target EGR flow rate calculation means to compute the target EGR flow rate Qo according to the 
operational status information from various sensor means by which the electronic formula control unit 22 
contains the pressure-of-induction-pipe force sensor 6, an intake air flow sensor 12, and EGR pressure- 
sensor 1 8 grade, It has an atmospheric pressure detection means to ask for atmospheric pressure Pa based 
on the pressure-of-induction-pipe force Pm at the time of the EGR flow rate control means which controls 
the EGR valve 1 1 so that the EGR flow rate Qr is in agreement with the target EGR flow rate Qo, an 
internal combustion engine's idle state, or the full open condition (full open of a throttle valve 7) of an inlet 
pipe 3. In this example 1, the target EGR flow rate calculation means is realized as a means to determine 
the number of steps of a stepping motor. 

[0066] Moreover, the EGR flow rate calculation means in the electronic formula control unit 22 A target 
EGR rate calculation means to compute target EGR rate betao according to operational status information, 
A real EGR rate calculation means to compute actual EGR rate betar based on the inhalation air content Qa, 
the pressure-of-induction-pipe force Pm, and the EGR pressure Pr is included. An EGR flow rate control 
means By changing the path area of the EGR valve 1 1, the EGR flow rate Qr is controlled so that EGR rate 
betar is in agreement with target EGR rate betao. 

[0067] In addition, EGR rate betar is a thing [ as opposed to / a thing / the new inhalation air content Qa ] 
of the EGR flow rate Qr, and is a value expressed by the relational expression (Qr/Qa) mentioned later. 
Moreover, target EGR rate betao is a value beforehand set up according to various service conditions 
(operational status information). 

[0068] Next, actuation of the example 1 of this invention shown in drawing 1 - drawing 3 is explained, 
referring to the flow chart of drawing 4 and drawing 5 . Activation of EGR control processing (step S2) of 
the main routine of drawing 20 performs the EGR control manipulation routine of dr awin g 4 as follows. 
[0069] First, in step SI 31, target stepper motor opening alphao and target EGR rate betao which were 
decided beforehand are read based on the information which read engine-speed Ne, the inhalation air 
content Qa, water temperature T, etc., then was read in step SI 32 based on various sensor input signals. 
These steps SI 31 and SI 32 are equivalent to steps S601-S604 of the above-mentioned ( drawing 21 ) 
except for reading target EGR rate betao. 

[0070] Here, if there is no variation in an engine 1 and the EGR valve 1 1 , and the EGR valve 1 1 opens by 
target stepper motor opening alphao, target EGR rate betao will be obtained. Next, in order to control EGR 
rate betar, in step SI 33, the EGR flow rate Qr is computed by reading the pressure-of-induction-pipe force 
Pm and the EGR pressure Pr, then calculating the following (1) types (Bernoulli equation) in step SI 34. 
[0071] 

Qr=Kr-Arandroot {2g, (Pr/RTr), and (Pr-Pm)} - (1) 

[0072] In (1) type the flow coefficient of an orifice 19 and Ar Kr However, path area of an orifice 1 9 or 
area of the EGR tubing 10 (when you have no orifice), g a gas constant and Tr for gravitational acceleration 
and R The gas temperature of the upstream of an orifice 19, The EGR pressure by which Pr is detected by 
the EGR pressure sensor 18, and Pm are pressure-of-induction-pipe force detected by the pressure-of- 
induction-pipe force sensor 6, and a flow coefficient Kr, the path area Ar, gravitational acceleration g, and 
gas constant R are constants. 

[0073] Moreover, in (1) type, (Pr/RTr) is a value relevant to a gas consistency, and is that with little (it is 
about 10 ppm to the variability region of gas temperature Tr and exhaust gas pressure Pex, respectively) 
effect by the gas temperature Tr of the upstream of the EGR tubing 10, and change of exhaust gas pressure 
Pex, and it can be considered mostly that it is a constant. Therefore, in fact, (1) type deformed like the 
following (2) types, and was simplified for the operation. 
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[0074] Qr**Kroot (Pr-Pm) ^2) 
[0075] However, in (2) types, it is a multiplier equivalent to K=Kr-Arandroot {2g- (Pr/RTr)}. (2) The EGR 
flow rate Qr is calculated from the EGR pressure Pr and the pressure-of-induction-pipe force Pm so that 
more clearly than a formula. 

[0076] Next, actual EGR rate betar is computed in step SI 35. At this time, EGR rate betar is computable as 

follows using the EGR flow rate Qr and the inhalation air content Qa of new inhalation mass. 

[0077] betai=Qr/Qa [0078] Therefore, if (2) types are substituted, EGR rate betar is expressed like the 

following (3) types. 

[0079] 

betar=(K/Qa)root(Pr-Pm) - (3) 

[0080] Thus, the EGR flow rate Qr can be calculated by steps SI 3 1-S135 from the EGR pressure Pr and the 
pressure-of-induction-pipe force Pm. Therefore, when the pressure-of-induction-pipe force sensor 6, the 
intake air flow sensor 12, and the EGR pressure sensor 18 are formed, EGR rate betar can be correctly 
detected using the inhalation air content Qa, the EGR pressure Pr, and the pressure-of-induction-pipe force 
Pm. 

[0081] After asking for target EGR ratebetao and real EGR rate betar as mentioned above, in step SI 36, 
deflection deltabeta of target EGR rate betao and real EGR rate betar is calculated, and it judges whether 
both are in agreement whether it is EGR rate deflection deltabeta=0. 

[0082] If judged with betao=betar (namely, YES), since real EGR rate betar is in agreement with a target 
EGR rate, in step SI 37, the stepper motor drive of the EGR valve 1 1 is stopped, and the stepper motor 
opening alpha is held. If judged with the target EGR rate of real EGR rate betar corresponding, and on the 
other hand there not being (namely, NO), it will progress to step SI 38 and the stepper motor opening alpha 
of the EGR valve 1 1 will be changed according to EGR rate deflection deltabeta computed at step SI 36. 
[0083] It can control so that target EGR rate betao and real EGR rate betar are in agreement, and it becomes 
controllable [ EGR rate betar according to operational status ] from the above processing. Moreover, the 
electronic formula control unit 22 detects atmospheric pressure Pa by the manipulation routine of drawing 
5 using the pressure-of-induction-pipe force Pm from the pressure-of-induction-pipe force sensor 6. 
[0084] First, in step S141, operational status judges whether it is an engine failure condition from engine 
rotation information. If judged with it being in an engine failure condition (namely, YES), since the 
pressure-of-induction-pipe force Pm at this time shows atmospheric pressure Pa, in step SI 42, it will 
incorporate the pressure-of-induction-pipe force Pm as atmospheric pressure Pa, and will progress to step 
S143. 

[0085] On the other hand, if judged with it not being in an engine failure condition (namely, NO), it will 
progress to step SI 43 immediately, and will judge whether it is beyond the predetermined value the throttle 
opening theta indicates full open to be from the information from the throttle opening sensor 8. 
[0086] The throttle opening theta is beyond a predetermined value, and a throttle valve 7 is in a full open 
condition (). If judged with YES, the pressure-of-induction-pipe force Pm at this time by inhalation-of-air 
system-pressure loss from atmospheric pressure Pa (when beyond the predetermined value of the throttle 
opening theta is specified as full open) Namely, since the pressure to which only gamma fell is shown, It 
progresses to step SI 44, the loss part gamma is added to the pressure-of-induction-pipe force Pm, it 
incorporates as atmospheric pressure Pa, and a return is carried out. 

[0087] On the other hand, if the throttle opening theta is judged as it being under a predetermined value and 
a throttle valve 7 not being in a full open condition (namely, NO), step SI 44 will be skipped and a return 
will be carried out as it is. 

[0088] Since atmospheric pressure Pa is detectable with the above processing (steps S141-S144) using the 
pressure-of-induction-pipe force sensor 6 formed in the inlet pipe 3, the atmospheric pressure sensor for 
changing into a mass flow rate the inhalation air content information Qa from the intake air flow sensor 12 
which measures a volumetric flow rate becomes unnecessary. Therefore, exact EGR control can be 
realized, without causing a cost rise. 

[0089] Moreover, as mentioned above, a vacuum motor mold EGR valve is used, although the EGR valve 
1 1 of a stepper motor mold is used as an actuator which controls the EGR flow rate Qr, if the position 
sensor which detects alpha whenever [ EGR valve-opening ] further is prepared, alpha can be controlled by 
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the equipment of this invei^m whenever [ EGR valve-opening ] like this invention, and the EGR flow rate 
Qr can be controlled by it. 

[0090] In the above-mentioned example 1, since it is necessary to form two pressure-of-induction-pipe 
force sensors 6 and 18 in order [ which is example 2. ] to detect the pressure-of-induction-pipe force Pm 
and the EGR pressure Pr, sufficient cost cut is unrealizable. Then, the pressure-of-induction-pipe force Pm 
may be searched for by the operation, without using the pressure-of-induction-pipe force sensor 6. 
[0091] The block diagram showing the whole system of the example 2 (it corresponds to claim 4) of this 
invention by which drawing 6 omitted the pressure-of-induction-pipe force sensor 6, and drawing 7 are the 
block diagrams showing the detail configuration of the electronic formula control unit 22 in drawing 6 , and 
1-5, 7-23,100-105, and 200-208 are the same as that of the above-mentioned in each drawing. In this case, 
the electronic formula control unit 22 is equipped with the operation means for computing the pressure-of- 
induction-pipe force Pm. 

[0092] Next, actuation of the example 2 of this invention shown in drawing 6 and drawin g 7 is explained, 
referring to the flow chart of drawing 8 . In drawi ng 8 , SI 31, SI 32, and S134-S138 are the same steps as 
the above-mentioned, and S133a and S133b support the above-mentioned step S133. In the main routine of 
drawing 20 , if the EGR control step S2 is performed, activation of the EGR control routine of drawin g 8 
will be started. 

[0093] First, after reading engine-speed Ne, the inhalation air content Qa, and water temperature T in step 
SI 3 1 and reading the target stepper motor opening alpha and target EGR rate betao based on reading 
information in step S132, in order to control EGR rate betar, in step S133a, the pressure-of-induction-pipe 
force Pm is computed as follows. That is, the pressure-of-induction-pipe force Pm is expressed with the 
following (4) types from a theoretical formula. 
[0094] 

Pm= {(Qa+Qr) 2 R-Tm} /(Vc-Ne-etav) - (4) 

[0095] However, for Tm, in (4) types, the temperature in an inlet pipe 3 and Vc are [ an engine speed and 
etav of the cylinder capacity of an engine 1 and Ne ] volumetric efficiency. When actual target EGR rate 
betao corresponding to each operating point is defined here according to operational status, target EGR rate 
betao is expressed with the following (5) types from betar=betao. 
[0096] betao=Qr/Qa - (5) 

[0097] If (5) types are substituted for the above-mentioned (4) formula, the pressure-of-induction-pipe 

force Pm is expressed with the following (6) types. 

[0098] 

Pm=(Qa/Ne) (1 -betao) 2R-Tm/(Vc-etav) - (6) 

[0099] Here, based on a load (Qa/Ne) and an engine speed Ne, since it can set up beforehand, target EGR 
ratebetao, the inlet-pipe temperature Tm, and volumetric-efficiency etav can express the pressure-of- 
induction-pipe force Pm with the following (7) types using the function f of a load (Qa/Ne) and an engine 
speed Ne. 
[0100] 

Pm=f{(Qa/Ne) Ne} - (Qa/Ne) - (7) 

[0101] Next, the EGR pressure Pr is read in step S133b, and the above-mentioned steps S134-S138 are 
performed hereafter. Namely, in step SI 34, perform the operation of (2) types, compute the EGR flow rate 
Qr, perform the operation of (3) types in step S135, compute real EGR rate betar, and it sets to step S136. It 
judges whether target EGR rate betao and real EGR rate betar are in agreement, and if in agreement, a 
stepper motor drive is stopped in step S137, and if not in agreement, in step S138, the stepper motor 
opening alpha will be changed according to EGR rate deflection deltabeta. 

[0102] Like the case of an example 1, control is performed so that target EGR rate betao and real EGR rate 
betar may be in agreement, and it becomes controllable [ EGR rate betar according to operational status ] 
from the above processing. Therefore, exact EGR control can be realized, without causing a cost rise. 
[0103] Although there is equipment which is example 3. and which is carrying out fuel-injection control 
using the pressure-of-induction-pipe force sensor 6 conventionally, since it is necessary to add an intake air 
flow sensor 12 and the EGR pressure sensor 18 when the example 1 of this invention is applied, a cost rise 
will be caused. Then, an intake air flow sensor 12 is omitted and you may make it compute the inhalation 
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air content Qa based on op^^mal status and the pressure-of-induction-pipe force Pm. 
[0104] The block diagram showing the whole system of the example 3 (it corresponds to claim 6) of this 
invention by which drawin g_9 omitted the intake air flow sensor 12, and drawing 10 are the block diagrams 
showing the detail configuration of the electronic formula control unit 22 in drawing 9 , and 1-11,13- 
23,100-105, and 200-208 are the same as that of the above-mentioned in each drawing. In this case, the 
electronic formula control unit 22 is equipped with the operation means for computing the inhalation air 
content Qa. 

[0105] Next, actuation of the example 3 of this invention is explained, referring to the flow chart of 
drawing JJL . In drawin gJJ, , SI 31 -SI 38 are the same steps as the above-mentioned, and S200 is a step 
which computes the inhalation air content Qa, without using an intake air flow sensor 12. Like the above- 
mentioned, if the EGR control step S2 is performed in the main routine of drawing 20 , activation of the 
EGR control routine of drawing 1 1 will be started. 

[0106] First, in step S131, engine-speed Ne, the pressure-of-induction-pipe force Pm, and water 
temperature T are read, and the target stepper motor opening alpha and target EGR rate betao are read 
based on reading information in step SI 32. Here, if there is no variation in an engine 1 and the EGR valve 
1 1 , and the EGR valve 1 1 opens in target stepper motor opening alphao, target EGR rate betao will be 
obtained. 

[0107] Next, after reading the EGR pressure Pr further in step SI 33 and computing the EGR flow rate Qr 
from the operation of the above-mentioned (2) types in step SI 34, in order to control EGR rate betar, in 
step S200, the inhalation air content Qa is computed as follows. First, the synthetic inhalation air content 
Qm (= Qa+Qr) in an inlet pipe 3 is expressed with the following (8) types from a theoretical formula. 
[0108] 

Qm={Vc-Ne-etav/(2 R-Tm)} xPm - (8) 

[0109] However, for an engine speed and etav, in (8) types, volumetric efficiency and R are [ Vc / cylinder 
capacity and Ne / the temperature of inhalation of air and Pm of a gas constant and Tm ] pressure-of- 
induction-pipe force. Moreover, volumetric-efficiency etav is expressed with the following (9) types using 
the pressure-of-induction-pipe force Pm, an engine speed Ne, and the function f of target EGR rate betao. 
[0110] etav=f (Pm, Ne, betao) - (9) 

[01 11] Moreover, in (9) types, when actual target EGR rate betao is decided according to operational status, 
volumetric-efficiency etav becomes the function of the pressure-of-induction-pipe force Pm and an engine 
speed Ne, and is expressed with the following (10) types. 
[01 12] etav=f (Pm, Ne) - (10) 

[01 13] (8) The synthetic inhalation air content Qm is expressed with the following (11) types from a 

formula and (10) types. 

[0114] 

Qm=Kp-f (Pm, Ne) and Ne-Pm - (1 1) 

[0115] However, in (1 1) types, Kp is a constant and is expressed as follows. 
[01 16] Kp=Vc/(2 R-Tm) 

[0117] Therefore, the inhalation air content Qa is expressed with the following (12) types. 
[0118] 

Qa=Qm-Qr =Kp-f (Pm, Ne) and Ne-Pm-Qr - (12) 

[0119] Then, in step SI 35, real EGR rate betar is computed from the above-mentioned (3) types, deflection 
deltabeta of target EGR rate betao and real EGR rate betar which were called for at steps SI 32 and SI 35 is 
calculated in step SI 36, and it judges whether both are in agreement. 

[0120] And if target EGR rate betao and real EGR rate betar are in agreement, since real EGR rate betar is 
target EGR rate betao, a stepper motor drive is stopped, the stepper motor opening alpha is held, if not in 
agreement, it progresses to step SI 38 and the stepper motor opening alpha is changed according to EGR 
rate deflection deltabeta computed at step SI 36. 

[0121] By this, it can control so that target EGR rate betao and real EGR rate betar are in agreement, and it 
becomes controllable [ EGR rate betar according to operational status ]. By the above configuration and 
processing, a cost rise can be controlled and exact EGR control can be performed. 
[0122] Example 4. (it corresponds to claim 8) 
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In addition, since the pressuffof-induction-pipe force sensor 6 is formedTan atmospheric pressure sensor is 
omissible in the above-mentioned example 3, like the case where it is an example 1, by carrying out 
presumed detection of the atmospheric pressure according to the pressure-of-induction-pipe force Pm at the 
time of a halt of an engine 1 or inlet-pipe full open. 

[0123] Although the pressure-of-induction-pipe force Pm and the inhalation air content Qa were computed 
by predetermined operation expression, i.e., (7) types, and (12) types and EGR control was performed in 
the above-mentioned example 2 - the example 4, respectively in order [ which is example 5. ] to omit a 
sensor and to realize a cost cut When the components variation of an engine 1 or EGR valve 1 1 grade 
exists, an error will be produced in the pressure-of-induction-pipe force Pm acquired from the above- 
mentioned operation expression, and the inhalation air content Qa, and an error will be produced in EGR 
control after all. 

[0124] Then, it is desirable to compensate the above-mentioned EGR control error by the components 
variation of an engine 1 or EGR valve 1 1 grade. Drawin g 12 is a flow chart which shows the compensation 
manipulation routine of the example 5 (it corresponds to claim 5 and claim 7) of this invention that enabled 
it to compensate the control error by components variation by offset amendment. 

[0125] In this case, the electronic formula control unit 22 of an example 2 ( drawing 6 ) and an example 3 
( dr a wing 9 ) is received. A steady operation judging means to judge an internal combustion engine's steady 
operation condition, and the EGR control prohibition means which sets the EGR flow rate Qr to 0 
compulsorily when judged with a steady operation condition, An EGR pressure deflection calculation 
means to compute deflection deltaPr of the EGR pressure Pra at the time of the EGR control in a steady 
operation condition and the EGR pressure Prb in an EGR control prohibition condition is established. 
[0126] Moreover, when applying this example 5, a pressure-of-induction-pipe force amendment means to 
amend the pressure-of-induction-pipe force Pm based on EGR pressure deflection deltaPr is formed in the 
electronic formula control unit 22 of an example 2, and an inhalation air content amendment means to 
amend the inhalation air content Qa based on EGR pressure deflection deltaPr is formed in it at the 
electronic formula control unit 22 of an example 3. This compensates the pressure-of-induction-pipe force 
Pm computed by step SI 33a, and the inhalation air content Qa computed at step S203, respectively. 
[0127] First, in step S21 1 in drawing 12 , an engine 1 judges whether it is a steady operation condition. 
That is, it is in a condition with EGR control, and after checking that an engine 1 is standby, the variation 
of an engine speed Ne and the variation of the throttle opening theta judge whether it is a steady operation 
condition by whether it is below a predetermined value. 

[0128] there is nothing in the state of steady operation (namely, NO) — ** — if judged, a return will be 
carried out as it is and it will be in a steady operation condition (namely, YES) --**-- if judged, it will 
progress to step S212 and the pressure PrA in the EGR path 10 in a condition with EGR control will be 
detected. 

[0129] Then, in step S213, after making EGR control nothing compulsorily with an EGR control 
prohibition means, in step S214, the pressure PrB in the EGR path 10 in a condition without EGR control is 
detected. Next, EGR pressure deflection deltaPr is computed from the detected EGR pressures PrA and 
PrB. If there is no variation in the components of engine 1 grade, EGR pressure deflection deltaPr will 
serve as a predetermined value decided beforehand. 

[0130] On the other hand, if variation is in components, since it will appear in change of EGR pressure 
deflection deltaPr, in step S216, the correction factor according to EGR pressure deflection deltaPr is read 
by a map operation etc. In this way, the correction factor to components variation is called for by EGR 
pressure deflection deltaPr when switching EGR control to existence at the time of steady operation. 
[0131] hereafter, a variation error is offset to the pressure-of-induction-pipe force Pm (refer to step S133in 
drawing 8 a) searched for by the operation as mentioned above, and the inhalation air content Qa (step 
S203 reference in drawing 10 ) using a variation correction factor ~ as — multiplication — or it adds. 
Thereby, the EGR control error resulting from components variation can be compensated. 
[0132] Although the EGR flow rate Qr and atmospheric pressure Pa are detected and the EGR flow rate Qr 
is correctly controlled by example 6. in addition the above-mentioned example 1 - the example 5 based on 
each information on the inhalation air content Qa, the pressure-of-induction-pipe force Pm, and the EGR 
pressure Pr Since evapotranspiration gas is introduced into the intake manifold of an inlet pipe 3 in addition 
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to the EGR flow rate Qr in tnecase of the equipment which has an evapotranspiration gas recovery system 
(evapotranspiration gas recovery means), there is a possibility that the pressure-of-induction-pipe force Pm 
may change with installation of evapotranspiration gas. 

[0133] With change of such pressure-of-induction-pipe force Pm, an error will arise to the EGR flow rate 
Qr, and an error will be produced in EGR control. Then, it is desirable to compensate the EGR control error 
by evapotranspiration gas recovery system behavior. 

[0134] The block diagram showing the example 6 (it corresponds to claim 9) of this invention that enabled 
it to compensate a control error in case drawing 13 has an evapotranspiration gas recovery system, and 
drawing 14 are the block diagrams showing the detail of the electronic formula control unit 22 in drawing 
13 , and 1-23,100-105, and 200-208 are the same as that of the above-mentioned in each drawing. 
[0135] Recovery tubing for 24-28 to be evapotranspiration gas recovery structure-of-a-system elements, 
and for 24 introduce evapotranspiration gas into an inlet pipe 3, The purge solenoid which 25 opens and 
closes the recovery tubing 24 under control of the electronic formula control unit 22, and introduces 
evapotranspiration gas alternatively in an inlet pipe 3, The canister which 26 is prepared in the upstream of 
the purge solenoid 25, and is adsorbed in evapotranspiration gas, the check valve with which 27 was 
prepared in the upstream of a canister 26, and 28 are fuel tanks where it is prepared in the upper edge of the 
recovery tubing 24, and fills up with a fuel. 

[0136] The evapotranspiration gas recovery systems 24-28 constituted as mentioned above operate as 
follows. First, if the fuel in a fuel tank 28 evaporates, it becomes evapotranspiration gas and the pressure of 
this evapotranspiration gas exceeds a predetermined pressure, a check valve 27 will open and a canister 26 
will be adsorbed in evapotranspiration gas. 

[0137] On the other hand, after starting of an engine 1, if predetermined conditions are satisfied, the 
electronic formula control unit 22 will operate the purge solenoid 25 with the purge control signal Cp, and 
will introduce the evapotranspiration gas by which the canister 26 was adsorbed in the inlet pipe 3 of an 
engine 1. Thereby, the evapotranspiration gas which occurred from the fuel tank 28 is recoverable in an 
engine 1. 

[0138] In this case, since the evapotranspiration gas-recovery means 24-27 for collecting the 
evapotranspiration gas from a fuel tank 28 in an engine 1 are established, in an electronic formula control 
unit 22, the purge control means which generates the purge control signal Cp according to operational 
status, the amount detection means of evapotranspiration gas installation which carries out presumed 
detection of the amount Qp of evapotranspiration gas installation by the map operation according to 
operational status, and an EGR flow rate amendment means amend an EGR flow rate Qr according to the 
amount Qp of evapotranspiration gas installation are formed. 

[0139] Next, the compensation actuation by the example 6 of this invention is explained, referring to the 

flow chart of drawing 15 . Drawing 15 is a flow chart which shows the manipulation routine for detecting 

the amount of evapotranspiration gas installation and compensating the EGR flow rate Qr. 

[0140] First, in step S241, the amount Qp of evapotranspiration gas installation introduced into an engine 1 

is computed according to operational status. Next, in step S242, true EGR flow rate Qr f is calculated by the 

following (13) types from the amount Qp of evapotranspiration gas installation, and the EGR flow rate Qr. 

[0141]Qr'=Qr-Qp~(13) 

[0142] Thereby, the EGR flow rate Qr is amended and exact EGR control is attained. Moreover, also when 
operating independently EGR control and an evapotranspiration gas recovery system, it cannot be 
overemphasized that exact EGR control is possible. 

[0143] In example 7., in addition the above-mentioned example 6, although it asked for true EGR flow rate 
Qr f by step S242, even if it amends the target EGR flow rate Qo in quest of true target EGR flow rate Qo f , 
true EGR flow rate Qr f is obtained as a result. Moreover, even if it amends EGR ratebetar or target EGR 
rate betao according to the amount Qp of evapotranspiration gas installation, true EGR flow rate Qr f is 
obtained as a result, and the same effectiveness is done so. 

[0144] In example 8. and the above-mentioned example 6, although the amount detection means of 
evapotranspiration gas installation carried out presumed detection of the amount Qp of evapotranspiration 
gas installation by the operation based on operational status, a flowmeter may be formed in the downstream 
of the purge solenoid 25, and direct detection of the amount Qp of evapotranspiration gas installation may 
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[0145] Example 9. (it corresponds to claim 10) 

Furthermore, although the EGR flow rate Qr was amended in the above-mentioned example 6 by 
subtracting the amount Qp of evapotranspiration gas installation, and asking for true EGR flow rate Qr', an 
evapotranspiration gas recovery prohibition means is formed in the electronic formula control unit 22, and 
you may make it forbid actuation of an evapotranspiration gas recovery system during EGR control. 
[0146] That is, the evapotranspiration gas recovery prohibition means in the electronic formula control unit 
22 fixes the purge control signal Cp off, when it judges that it is [ EGR ] under control, and it sets the 
amount Qp of evapotranspiration gas installation to 0. Thereby, since evapotranspiration gas is not 
collected, a control error does not arise to the EGR flow rate Qr. 
[0147] 

[Effect of the Invention] EGR tubing which makes an internal combustion engine's exhaust gas flow back 
to an inlet pipe as mentioned above according to claim 1 of this invention, The EGR valve which controls 
the EGR flow rate of the exhaust gas which flows in EGR tubing, and a sensor means to detect an internal 
combustion engine's operational status, In the exhaust gas reflux control unit which it has [ control unit ] 
the EGR flow rate control means which controls an EGR valve according to the operational status 
information from a sensor means, and makes a part of an internal combustion engine's exhaust gas flow 
back again to an internal combustion engine The intake air flow sensor with which a sensor means detects 
the inhalation air content to an inlet pipe, A target EGR rate calculation means to compute a target EGR 
rate according to operational status information including the pressure-of-induction-pipe force sensor 
which detects the pressure within inhalation of air, and the EGR pressure sensor which detects the pressure 
in EGR tubing, It has an EGR flow rate calculation means including a real EGR rate calculation means to 
compute an actual EGR rate based on an inhalation air content, the pressure-of-induction-pipe force, and an 
EGR pressure. An EGR flow rate control means Since it was made to control the EGR flow rate so that an 
EGR rate was in agreement with a target EGR rate by changing the path area of an EGR valve It is not 
based on the property variation of an EGR valve, but is effective in the exhaust gas reflux control unit 
which can control an EGR flow rate correctly and can reduce an exhaust-gas discharge being obtained. 
[0148] Moreover, since according to claim 2 of this invention an orifice is prepared in EGR tubing of the 
downstream and it was made to make differential pressure of an EGR pressure and the pressure-of- 
induction-pipe force more remarkable than the installation location of an EGR pressure sensor by the 
orifice in claim 1, it is effective in the exhaust gas reflux control unit which can control an EGR flow rate 
still more correctly being obtained. 

[0149] Moreover, since an atmospheric pressure detection means to ask for atmospheric pressure based on 
the pressure-of-induction-pipe force at the time of an internal combustion engine's idle state or the full open 
condition of an inlet pipe was established in claim 1 or claim 2 according to claim 3 of this invention, while 
realizing a cost cut, using an atmospheric pressure sensor as unnecessary, it is effective in the exhaust gas 
reflux control unit which cannot be based on the property variation of an EGR valve, but can control an 
EGR flow rate correctly being obtained. 

[0150] Moreover, EGR tubing which makes an internal combustion engine's exhaust gas flow back to an 
inlet pipe according to claim 4 of this invention, The EGR valve which controls the EGR flow rate of the 
exhaust gas which flows in EGR tubing, and a sensor means to detect an internal combustion engine's 
operational status, In the exhaust gas reflux control unit which it has [ control unit ] the EGR flow rate 
control means which controls an EGR valve according to the operational status information from a sensor 
means, and makes a part of an internal combustion engine's exhaust gas flow back again to an internal 
combustion engine The intake air flow sensor with which a sensor means detects the inhalation air content 
to an inlet pipe, A pressure-of-induction-pipe force calculation means to compute the pressure within 
inhalation of air based on an internal combustion engine's rotational frequency and inhalation air content 
including the EGR pressure sensor which detects the pressure in EGR tubing, A target EGR rate calculation 
means to compute a target EGR rate according to operational status information, It has an EGR flow rate 
calculation means including a real EGR rate calculation means to compute an actual EGR rate based on an 
inhalation air content, the pressure-of-induction-pipe force, and an EGR pressure. An EGR flow rate 
control means Since it was made to control the EGR flow rate so that an EGR rate was in agreement with a 
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target EGR rate by changin^We path area of an EGR valve While realizing a cost cut, using a pressure-of- 
induction-pipe force sensor as unnecessary, it is effective in the exhaust gas reflux control unit which raised 
the dependability of EGR control of flow being obtained. 

[0151] Moreover, a means to judge an internal combustion engine's steady operation condition in claim 4 
according to claim 5 of this invention, The EGR control prohibition means which sets an EGR flow rate to 
0 compulsorily when judged with a steady operation condition, An EGR pressure deflection calculation 
means to compute the deflection of the EGR pressure at the time of the EGR control in a steady operation 
condition, and the EGR pressure in an EGR control prohibition condition, Since a pressure-of-induction- 
pipe force amendment means to amend the pressure-of-induction-pipe force based on EGR pressure 
deflection was established While realizing a cost cut, using a pressure-of-induction-pipe force sensor as 
unnecessary, the error by the engine or other components variations can be compensated, and it is effective 
in the exhaust gas reflux control unit which raised the dependability of EGR control of flow further being 
obtained. 

[0152] Moreover, EGR tubing which makes an internal combustion engine's exhaust gas flow back to an 
inlet pipe according to claim 6 of this invention, The EGR valve which controls the EGR flow rate of the 
exhaust gas which flows in EGR tubing, and a sensor means to detect an internal combustion engine's 
operational status, In the exhaust gas reflux control unit which it has [ control unit ] the EGR flow rate 
control means which controls an EGR valve according to the operational status information from a sensor 
means, and makes a part of an internal combustion engine's exhaust gas flow back again to an internal 
combustion engine A sensor means contains the pressure-of-induction-pipe force sensor which detects the 
pressure within inhalation of air, and the EGR pressure sensor which detects the pressure in EGR tubing. 
An inhalation air content calculation means to compute the inhalation air content to an inlet pipe based on 
an internal combustion engine's rotational frequency and pressure-of-induction-pipe force, A target EGR 
rate calculation means to compute a target EGR rate according to operational status information, It has an 
EGR flow rate calculation means including a real EGR rate calculation means to compute an actual EGR 
rate based on an inhalation air content, the pressure-of-induction-pipe force, and an EGR pressure. An EGR 
flow rate control means Since it was made to control the EGR flow rate so that an EGR rate was in 
agreement with a target EGR rate by changing the path area of an EGR valve While realizing a cost cut, 
using an intake air flow sensor as unnecessary, it is effective in the exhaust gas reflux control unit which 
raised the dependability of EGR control of flow being obtained. 

[0153] Moreover, a means to judge an internal combustion engine's steady operation condition in claim 6 
according to claim 7 of this invention, The EGR control prohibition means which sets an EGR flow rate to 
0 compulsorily when judged with a steady operation condition, An EGR pressure deflection calculation 
means to compute the deflection of the EGR pressure at the time of the EGR control in a steady operation 
condition, and the EGR pressure in an EGR control prohibition condition, Since an inhalation air content 
amendment means to amend an inhalation air content based on EGR pressure deflection was established 
While realizing a cost cut, using an intake air flow sensor as unnecessary, the error by the engine or other 
components variations can be compensated, and it is effective in the exhaust gas reflux control unit which 
raised the dependability of EGR control of flow further being obtained. 

[0154] Moreover, since an atmospheric pressure detection means to ask for atmospheric pressure based on 
the pressure-of-induction-pipe force at the time of an internal combustion engine's idle state or the full open 
condition of an inlet pipe was established in claim 6 or claim 7 according to claim 8 of this invention, a cost 
cut is realized also using an atmospheric pressure sensor as unnecessary with an intake air flow sensor, and 
it is effective in the exhaust gas reflux control unit which cannot be based on the property variation of an 
EGR valve, but can control an EGR flow rate correctly further being obtained. 
[0155] Moreover, according to claim 9 of this invention, it sets to either from claim 1 to claim 8. The 
evapotranspiration gas recovery means for collecting the evapotranspiration gas from a fuel tank to an 
internal combustion engine, Since an amount detection means of evapotranspiration gas installation to 
detect the amount of installation of evapotranspiration gas, and an EGR flow rate amendment means to 
amend an EGR flow rate according to the amount of evapotranspiration gas installation are established and 
the pressure-of-induction-pipe force change at the time of actuation of an evapotranspiration gas recovery 
system was prevented The effect of an evapotranspiration gas recovery system is lost, and it is effective in 
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obtained. 

[0156] Moreover, according to claim 10 of this invention, it sets to either from claim 1 to claim 8. Since the 
evapotranspiration gas recovery means for collecting the evapotranspiration gas from a fuel tank to an 
internal combustion engine and an evapotranspiration gas recovery prohibition means to forbid actuation of 
an evapotranspiration gas recovery means during activation of EGR control were established The effect of 
an evapotranspiration gas recovery system to EGR control is lost, and it is effective in the exhaust gas 
reflux control unit which raised the dependability of EGR control of flow further being obtained. 
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(57) Abstract 

PURPOSE: To correctly carry out the exhaust gas 
recirculation control at all times by controlling the 
EGR flow rate so that the actual EGR rate based on the 
intake air quantity and the internal pressure in an 
intake pipe and the internal pressure of an EGR pipe 
accords with the target EGR rate based on the operation 
state information of an internal combustion engine. 

CONSTITUTION: Exhaust gas is allowed to recirculate to 
an intake pipe 3 through an EGR pipe 1 0 having an EGR 
valve 11. The EGR valve 11 is controlled by an 
electronic type control unit 22 on the basis of the 
operation state information of an internal combustion 
engine which is detected by a sensor means. In this 
case, as the sensor means, are arranged a sensor 1 2 for 
detecting the intake air quantity in the intake pipe 3, 
sensor 6 for detecting the internal pressure of the 
intake pipe 3 V and a sensor 18 for detecting the 
internal pressure of the EGR pipe 10. The electronic 
type control unit 22 calculates the target EGR rate 
according to the operation state information. Further, 
the actual EGR rate is calculated on the basis of the 
detection values of the sensors 6. 12, and 18. Further, 
the EGR flow rate is controlled so that the actual value 
of the EGR rate accords with the target value, and the 



erroneous control due to the dispersion of the EGR 
valve, etc., and the variation due to the lapse of time 
are prevented, and the reliabB'rty is improved. 
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5EGRft> 

wee g RWft\zfiiiti2>mmxxv>E g r dzm&fflfflT 

5EGR#t, 

l»Ert««H©S(EttlS£«fflT*1r>^ft4:, 
MfH-fe >-y-#S^ £ (DSS^^If $g K GT WE E G R 

«HB-fc>U-#Rtt. l»E!ft«tf^©!ftAffi«***ai-r 

KSfffi^t>U-i. f}ISEGR i i : rt©JE^<&^ai-r-5 
EG REE 77 •£>-!*£ 

WESetKSHiHRtwJfc t;Ti@EGR$£|[ffit2S@ 
EGR^#tB^©i:, WEKA^MS, ©MlfJE^^± 

GR^g^#a££-&tfEGR8SS#ffi#a£:frU 
WEEGR«tSW9i^R«:, WEEGR#©Sg8MS£ 
^5E-T5CltlC«tO. ffifBEGR&WMrlBSaiEGR* 

i— sw «t o kme e g r mmmmm &n o z. t. &w 

im&M2] WEEGRJE*i:>l*-©8:B&fiJ:Dfc 
Tfiitffi'J© WE EGRfC3|-ij7^X £IStt£: d £ 

[If #31 3 ] 85fBrt^tSM©f?j±tt^ef $fcttMi2© 
■S EGRf t> 

^ffiEGRertfcsitn-stfft^wEGRSsasfWP-r'" 

•2>EGR2f£» 

WE"fe >iJ-3=a*> 6 <D2£ftffitt*llC « G TWE EGR 
7f ©fSflP^fr? E G Rc»fHffllfM£<h£{i;t. 

ttE-fe WER£C^©©A^,g£&ffi-r 
5I77D-t>^i, MEEGRff|*|Off*tttat 
4EGREA-t>*i:«to. 

«H2ae«»««»i:iSi;TB«EGR*feiniir-6Bfli 

EGRS$53¥tiJ^a£, MERA3S**, S&jatrfiETJ&J; 
Z/E G R/E^tcS^ViT|||SS<DE G R^Sr^ttl-r-SIIE 

GRmwta^mt^tsEGRmmMai^^L, 

MBEGRftltffl^gttt. WEEGR#©jIg8®fg£ 
«*-*d£CJ:D. WIBEGR^MffBSSEGR^ 
£ — S-T* «fc -5 KWEE G RSStffi©f&J£P£fr5 d £ £4# 
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cat** 5 ] msp*mmnmi&tm&RUi**t]£r& 
at E&nsmm^m £*«5££ n/t £ ^ \z we e g r ss§£ 

&IWWfC0 £t-5EGRfHfip&ifc#R£. 
WEJtfsf JHEttSglCiSttS EGR WWBfO) E G RJE77 £ 
E G RIM^jfcttlBJ;:* E G R/E77 £©<!M£#fcb 
TSE GR/E73^MSCad#R£, 

WEE GRBE*«JSIC*"^«f»TlWIB!R««flE7j*lijE"r 
•5 K^JE7j*SlE#R££RW-;fc d £ £1" £> gfjfc 

91 4 ilftttfggB. 

SEGRffi. 

WE EGR ^1*3 iCgttl^^^T. OEGR SKSSfflff ? 
5EGR#t, 

89EW*iS8IW©3iettffi^tB-rs-fe>-y-#S(t> 
WE-fe 6 OiiettfflMil«fc* UTIttE EGR 

#©«W£fr O E G KK*ffif|?ft& A. 
*!>Ert«MHO*«^^o--«tiWrtErtJIB*WlcSfl0B 

iffEir>-y-^Rtt» WE9ft»*rtOffi73**ffl-r*»« 
®E*-fc >•♦*-£, BJEEGRfrtOEASftfflfSEG 
RflE77-fc>1*-£ 

ISrEl'i««WOSte»*«fc^»«*flE*fca6^if»TittE 
K^«^OKA^fi*SCaj-r-5KA?g^fi3Sai¥g 
£. «fE3HE«»«rtBK:*i;TB«EGR**J(Cia-r-5 
S^EGR^SLtU^Rt. «E!RAffl»«, KMlrEETj 
43«fctfEGRffi#Kfi:3V>TH&©EGR^£#£ij-r-£> 
*E G R^Sai^Ri: Sr-g-tTE G RcSSSLtb^RS:^- 
U 

MffBEGRSiMflfSIt SSTEEGR#(DiigS®®S: 
&3E-r!> d £(;:<£ 0> WEEGR?iWSEB«EGR$ 

£— a-r-sj: \z wee g Rffimvmw&n? z. t&w 

Wl £T 5 9SKftlfllSB. 
[If #3! 7 ] MEAi!^N<D&*jiettag£¥Ujr*-£ 

^a£. 

WE«i!facttast*ift$nfct#K:WEE GR8»t 
s^feiwtc o e g Rfflmmik^m.t. 
mf&&i5mfcftmiz&ftz> e grmhwscde g rbetj £ 

EGRft!lSf^lifc^fc*ttSEGRJE*£©<B^Srl!Caj 

r * e g Rmt/mmmm^mt. 

WE E G RJETjOIII KX^T WEKAffiftatltiE-r 

a 6 rasa* 

[if ^ 8 ] MErtttanofFifcttffittSfcttffiEiK 

**©±MttlBll*©lttE!ft««lI*KS-^V»T*«£Et 

^je>^±^/iMiij#a$-ist7/t d t s»*fr*w ^a 

6 Sfcttlf 7 ©#M#X)StiltflHJ$)£®. 
[If*JI9] *8»^>^^SO**i/^ti»El*|j(B« 




at. 
s. 

SfrfH E G R Mfpoitfr* fcMIBfcfWx @itK^a©E(jf^ 

[^©SMfflfclfcSS] 
[0 0 0 1] 

*»«E (KT> EGRiW) SttS&J&lcfctfctfX 
fy/rt-i'aCEGR^Sftf l/fcSMMfxaflfEttffl 

&a£N u 4* e GR#f©A7 ry^&ttXflsttB 
WMVKBKH-rs *>©-c-<&*. 

[0 0 0 2] 

■<»6nxv»*. HI 6tt^o$»tfxaSMMff£a 
©^XyA^fc«««IC3K-r*teEHT?**. 
[0 0 0 3] -HK*HT. l.ttrtjB«M"rftt>'6X>i? 
>, 2«X>^>l^©KA^*#<b-T-5fcie)©XT 
^»J — :K 3fiXT^'J— t2^Uc^$X>i;> 
1 t^tifcfeffltaf. 4 ttf&t« 3 OTittBt4 

— JUK (BIT, <>7Ztv>5) , 5tt§yMf3©< ^ 

U\ 9 «X D >y 7 ©JtgltflftTSMMt €7\*-f AX 

[0 0 0 4] 1 0ttX>S?>l©#«jtfX*R«*3« 
'NafiSS-e--5fca6©EGR'g, 1 1 {4E G Rf 1 0 i&fitt 
n-SS^a^'X ©SS»€r$iJ«-r 5 X^ y /t^E— ^ £!© E G 
R#T£-5>. EGR^llH x>S?> 1 ©a<E4ftSgC 
bfcSitS t & ■S «t -5 K E G R m&tDUm &ft O E G R 

[0 0 0 5] 12 ttRgHff 3 ^OKAS^iQ a £&ffl 

&9. &tb£^»Qa izLT#mffim&$tffl-?2>. Oft 

tf-ox. i77D- t>m 2co^^rz\mmz\t. 
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£ fHSfl-T 5 J; 5 ic/i r> X n -5 . 
[0 0 0 6] 1 3ttX>S>>l©ft»«£«SS3-a-ajfc 
<6©&*ffi£3g£-r-5,&A=i'f ;k l 4te,£Au-op 1 

3©— *«««Esa«a»f-r*-f ^. issi> 
^>iTj^«i«©^^x^ai-r-5fe*©^Ms : . i 

[0 0 0 7] -f ^±-f * l 4»C«t0K»Sn*^D-f 
;H 3^e.©,^iAc^Q«, x>i?>l ©IMSSiC^ 

3. 1 7ttX>-^>l©^*©S^T^ttl-r-5*S 

-fe>tJ-e*o. xn-v K;nss-fe>-y-8*5«t^ik^-f 

;H3^ti:t,l;, x>i»ioifi«!MH|*a«t 
-5ir>-y-#a$r«fiKLTti-5„. 2 0 «*«^g©miHt 

&sny?y, 2 ittje»P»fcHj£SftTAy?-y 2 0 
x-r-y^xs-s. 

[0 0 0 8] 2 2»A'yT l J 2 0 *»6©|&«fc«t 0i@» 

sn53>tfa- ^ -> x 5 m^^mm^.— v 

5 £ttr««5tt«tt«mre J iiOT GR# 1 1 \zM 
nEGRIJIdfC r 
[0 0 0 9] 01 7 «H 1 6 ^©VPiSfMfflln.- y h 2 
2©i¥aB«^€r^-r^'Dy^0-e*-5. H£43V»T\ 1 

o o«T-f ^D3>tf^— ^tso, jMBKamniQ. 

Qa, e&itfTfcS^^W^Q^AtCftoT-f 
>i^:c£:* 5©ftiJWI^t J iJ«fctfEGR# 1 1 ©fMflUg 
^■C r^^ttJ-T-5CPU2 0 0 <h, x>>*> 1 <£>[eME 

it, a^wwwfcs&tc^rBi^ff^f^^-f T2 o 2 

D^&g§2 0 3<h, 7^^tU<!:lT«ffl3n5RA 
M2 0 5L «*©IWtr/o£f7Aa<ffi1t$nT^5R 
OM2 0 6t «*WflWJ:fe«ktfC r*ttMrr*fc* 
©ttJ^J^— h2 0 7t. &S^2 0 1-2 0 7KPU 
2 0 0 if -5 3 ^EWN'X 2 0 8 t^e^^tlT 

[0 0 10] 1 0 ltt^lA^-f>^-Xx-X@SST- 
feO. ^(jAcn-fJH 3©— i>:ffl!l©^m^QSr»®S^ 
LTfJOii^-m^tL. V'f i7an>H=L— ? 1 0 OK 
A^-TS. r©fJOii*-m^34^^T^t. 
>¥=l—5> 1 0 0rt©CPU2 0 011 *^>^2 0 1 
©MSr^fft-SttfelC. ^HI©S!^0<ltS5lHl©|| 
*®0IiOl^bX>y> 1 ©lslte^#j£gHiLTR 
AM 2 0 5 'Vfatg 




[0 0 11] 10 2I4»2AM>^-7i-X@BT 
XDy h;UBBJg-fe>iJ-8, I77P- tr>-tM 2 

<fctfT**Di&*s A/Dg»»2 0 3ICA^T£«> 1 
0.4ttttl*-f — 7i-X[hIKT*0, tB^^-h2 
0 7»6«>nUtUA a rA:t>-&Mm* J«J:VC r £J| 
♦ILT-f >>*xd7*5;fecfctfEGR#l ltrttJ^-r^o 
C0012] HIl 8»iEGR#l KOWJfiSjS-rWWrffi 
0 , 3 0 SEGR# 1 1 ©/\ # ;^#f-f ±85Kffi 
. OtfttSnTEGR^l 1£±BW><&:£IB£T4 BX^r 
y7\,ZfflW*I&&3.—#— ^SlVXTrv'^—?. 3 1 
tt^iry/^E-* 3 0 JCct 0 HC^S*!*^— 
3 2 te^r-^tt 3 1 hmm LTEIIET* d £ 0 ±T 
B»3*l*2ID*S?. 3 3ttSD*S*3 2fcJ;DJLT« 

-f^/t*. 3 SttX^ryA^E— ^ 3 OCD^E— ^$&3 1 £ 
■#**3 2 tOWlCiattSnT^E— 3^W3 ICDIeieMKj^ 

#«3 3o±"ra»fcasiM-*ao*s?3 2Sr*tr*m 

. [0 0 13] HI 9teEGR#l 1 [U y b)V/ 

«E*6l4EGR«***to-r # 01 9<DaS»&tttC;fc 
HT, Xfy/^3 0O7fyW TO J TEG 

T4 8j TEGR#1 l^fdtas. 

[0 0 14] EGR# 1 l(D±mm (EGR 

to ? 5 0 0 [UyhA/d] ) fc*wr, EGR#1 
l©APtfflP£OiE»2lAP*«2 0 OmmHgtftS 
^ih^LTV^. EGR#l.:l«0ffMAP 
14, ±BHWTtt 2 0 0 mmH g J; 0 fcSS < ^t«f 

[ 0 0 1 5 ] 0 2 0 i5 J; 0 2 1 W*0iI^7lS 
a»g§OCPU2 0 0(&»fls£?K-r:7Ci — — 

B2 0tt^^>;P-f>O)BI, 02U4EGR 
fflfflmWl'— T>*m~t. $ClZ* 01 9-0 2 1£#BB 

[0016] ^<>;u— ?>^©flfi©fMffliffiax 
fy/siic^^TH jflWc«*QK:»^<x>^>ia 

&$LN eCDWft. A/DfM2 0 3^6©-fe>1t«^ 
iXfy^Sl*J»7TSi:, ^V>T. EGR$4PMS 
MlXf7ys l^ctr^S 2fcJ:0, x>^> 1 (DM 
[0017] 02 OrtOEGRIWWlXfyys 2 

7^S60 icaht. -rTicteco©jffl)^as;u-5 1 >s 




^Bflsp 7 -1 7 4 0 4 8* 



SQa£tt*&ir. ^^T, Xr7^S 6 0 2l:^ti 
T* tt*U5L*:X>>?>@(E»Ne*5ctUCKASa:fiQ 

[0 0 18] «lr»T. X>>?> 1 <B«|8ffi«:R|gl;:J;-5 
JfjE^JS-r^fc** TsTV^S 6 0 3 K^T* ftfi<£> 

(C, Xfy^S 6 0 -4K::&Ht\ TKiBT^lSUT, S6 

[0 0 19] gtfgK:, Xfy^S 6 0 StC^T, 

6 0 2 43«ktf S 6 0 4T»tBU^oMlELfcBS 
Xfy/^- ^BBSih^Scfca^^^^^^E— ^ 3 0 £ 
ffi»U U^~>-T^o EU:OiBIXfy7S6 0 1- 
S 6 0 5 tCcfcoTE GRSftitQ r coSSW^ff t>tLZ> 0 

[0 0 2 0] % A\Z. ^ry/W- ^ 3 0 ^tetfj&ffijfe 
tC^T, 02 2:fe£tf02 3*#JRLtt**SK9rr 
3„ 02 2 (a) „ (b) EGR#1 l^Ilit^ 

* 3 0 timT&fflffl^L-y b 2 2 iOlSIWIffiSSt 
K9IHT**. 02 3 (a) . (b) \t % X^y 

A^E— 0©2ffl®aa^fccfc«ffii6^^— >*J:U: 

[0 0 2 1] H2 2i:st«fc3^ n-f^A^cfctfa-f 

jiBvmm** A7T'j2o^7^3^>^ttM 

[0022] ^©i^^jBEsnfc^^y/t^e— ^ 3 o 
H2 3^-r2«a«*sc"c , K»"r«t, xf^y 

fig R)J K^^Tte. 0 2 2CDRrtCD3&T;^t- (1) 
(2) «0^7-j? (02 2 (a) ftjta&tt 
SB) tfflBSns. S£oT, Xx— ^MU 02 2 (a) 
KSUfcSBS (N, S) Cttfc*WSL,T» 
D-^<£SSt4. (1) ffi&cktf (2) ♦iJCcfcD'&jatS 
ft&NS©t*»i:«at57fyyttl roj tcftg 

[0 0 2 3] XT-V^tiM r 1 j td^^Tte. 3-f;UA 

cDisa^gg^, (i) «©sswnt (3) «*« 

®fi8$n-5^es6, d-^OSIH 02 2 (a) 
X?Q<DJ:z>\Z, (2) ft£i±Zfi (3) fflJCiO^ricSn 

&Ni©t*»i:«if5^fy^tti r i j \z&mT 

[0 0 2 4] A^>y^fig T2J IC&^Tte, 3<;UB 
OB«*SKl/, (2) fflcoa««tj»3^nT (4) 

a^^n^^i*. n-^^sati, Bc^fy^tti 
T2j tc^ift-r^o ejit, ^ffifo^hUcC^eiia 




2 3 (b) <D£o\zE&m-}jfa\zm&.TZ>. i2 

3 (a) t\im<D^\ZJ^->^it^^^ii. =E— 
*fi&3 lOBIBSFKltt. £ (SJH-^rSj) tft*. 

[0 0 2 5] «±©*ft^ffl^T> ^2 3 (a) rt«DBf 
JgftHfflffi r (10 Orn^, 1 0 0 P P S VWTs/ 
m fflS) TXry/^-^S 0 ©S-zi-OI/ftgia-f -3 
dttcttK EGR#ll©^a (tStgQrtcM 

[0 0 2 6] CUTtt, EGRfi©J^©fe«607^^^. 
x-^i HXf'yAt-^lCE GR* 1 l£ffl<^fc 

1/TEGRiIQ r «M«rT« H <h^T^^. 
[0 0 2 7.] tC5*«, 
fc*. EGR#1 l©ggigA7y^&P$^bK:<fc9E 
GR#1 l©ISSD«*«3B*LfctSK:»4. 0 2 4 Ic^ 
TilOEGR^PBSaiEGRoftSQ r k.<DM\ZW&. 

[0 0 2 8] 02 40i5fi:EGRgtl!|HtOA7 , 7* 
AQr&£.VZ>t. E GRAPHS a ©2>.T«IE5t£:EG 
RdStSQ r S:f#^Ct*iT^-r, ia^©7^U* 

RSStSQrtMM^i;^. 

[0 0 2 9] ^®:^X(HliR->X^A (H«* 

T) S:iAfcEGRS3gl(Dl|^ ^«^X[e|iR->^ 
yA#EGRMWfc»UTaufclCiWW*fca&, EGR" 

^SlCfcOK^ffi^Pmd^fkL, jB*fcEGR8UI 
Q r tJHH-r*Ht*tT*a:<«toTL*.'3.- 
[0 0 3 0] 

[5gW*<«?ftU«t5tT-59lS] tt*cz>&9[#>iS2fttt 

fc E G R#PBS o fC«k 0 E G RSit»Q r Zfflm 
<DX\ EGR#1 1 ©Sjg/N-^y^^^blCfc D E 
GR#iS^035^±Lfc«^f^ 02 4{C^-rSDEG 
R#§iS a <h E GRgitgQ r ©H^JC^M^r^ UT^di 

[0031] i^t&^&cDn^y^z 
i^Tt). mmzKGRm.&Qr\zwkmtf$LC-cwmx 

[0 0 3 2] 2*>\Z. l&ftWX|5]JR->X^A£:£U & 
IStfT. leJiRvX-r- AA<E G R ©IW tW^F lCHif£ 
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gJE^Pm^-ftLT. IE5i;&EGRD«Q r ftSfctJ-f 
^>Cli:^-C^J5:<f«c-pTLiV^ E GRgftSQ r IdgSS 

[0 0 3 3] CO^Bj^if ^ i ttjt82© «fc 5 ttNiB£ 
£^&T5fc#fC&£n;tfc©-C\ EGR#<D!fcH4A7 
y*»C«fc ^.TlESilCE G Riifti£fM®)-f -5 C <hCDT?#5 

[0034] mtc. c<nmw<Dm&m 2 a. m #911 k 
43i/iT, $ e.icHsiCEGRSStfi^j&Harr^d tort 

[0 0 3 5] Z\<D?£W<Dm-#m3\t.. if ^ 1 S 

[0036] zL<Dsem<omK9i4tt, ksc^je^ 

[0 0 3 7] ^©%Bj©|f^ 5 a, lf^4fC 

^>-^>ttC!>tfA/X9!y^izJ:«mi«|liirr-SC&lcJ: 

ssfcEGR««w»©ft*tt«mjta*;fc#swf 

[0 0 3 8] Sfc. d©^H^©if^]g6tt, I77D- 

$«ffiigfi$#5 ci t ft a egtr -a. 

[0 0 3 9] Sfc, d©^HJ W fflf^7tt. §»;&£|6K 
>^©SSp a p/N* 5 y + IC«t -5 & ffiflrr-S d i: (C <t 

[0 0 4 0] Sfc, C©%H^OT|f^8«. if^6{C 

[0 0 4 1] do^woif^g^Jcz/w^i 

ttX«fc0, SSfcEGR««M»©flMItetrti_kS-&fc 

sp^^xjigtiua^sftffs d tft aw t-r-s. 

[0 0 4 2] 

'g^Wffi-ZltZEGR'gi:. EGR<gft\ZffitlZ>mm.X 
XWEGRfftSftSdW-r-SEGR^i:, 

ggtflS^I&^TE GR#CDS(|ffllftfTO E GRgitfiSiJSll^ 




E GR^rtWffi^j^aj-r-SE GRffi*j-fe>-!t<h£'g- 

EGR^mtB^gt, ©A£««. «SH*ffi**J:^E 
G R/E# (CgO'^THfS© E G RmZWrn-fZ^ E G R 
^gffl^at^tTEGR&B^ai^a^U EGR 

m&mm^mi. EGRfrom&mmz^rzztiz 

±9. EGR^*BSEGR^i:-i5c-r^cfcritCEGR 

[0 0 4 3] C©^Bj W |f^2{C^S^M**X 
38KfM0£fftt. lf*5t 1 IC&l^T, EGRJE^)-fe>-y- 

[0 0 4 4] £fc. d©^HJ<o|»^3(C^^SP^*X 
[0 0 4 5] 3i1t. ZL<DRW<D8i7&m4iZ&Z>mm.#Z. 

m*am&mt&* a^rowa*:* earnests 

DTE G R#Ol«»Sff 5 E G RftftiMff^a t «« 

■frSS^tfXjgtfftfclPgakiJ^T, -fe>lJ-#a«. © 
^W^©©A*SI!C*£^a3T3x7:7n— -£>-+}-£> E 
G RW(*g©£E* SttHJ-r * E G Rffi^ir t 

iCJSUTB^EGR^i&gtttJ-rSB^EGR^aJ^a 
<t, RAffiftS. ©^ffi^itfEGRJE^tCgoV " 
THIS©EG R2g£mti-r-5*E G R^tB^Si: 
irEGRciifi#ttj#I§:£3rU EGR«llt)ff?S»:.' 
EGR#OTilKffi«^^M-r-5difCJ:D. EGR$*S 
ISEG RS£<h— IcTS ± -5 IC E G RoStS^fMP^^^ 

[0046] z.<n%wv>m?!m5\z% i z>m%i3* 
mmm^wat. smm4tz^x. tommw<Dfe%m 

<E«IB*Wj&r*^at. JE*3fflEttlBt*lJESnfct 
tCEG RfiitS£!£$flM{;: 0 KT-S E GRf&W«lt^a 
Jfe*iHEtt»t*^*EGRfW»^©EGRBE*t 
E GR«WSIjt«ffit:*W-« E GRJBE:*7i:©Mi££fffcb 
■*-*EGRffia«iSffaj*R&, EGRffi*flK8K:S:* 
V>T©MWJ£;ft£«iET3©^effi;^jE^a££att 

[0 0 4 7] Cl©^©m*£6{CiS5^;tf7. 

■B-.SEGRWt. EGR'SrttCoftn-S^^XCDEGR 
0ita<£felW-r-SEGR#<h. rt»ttH<Z>X£ttffi&tttt 
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DT E G R#©$«£rfT 5 E G RSSaSflfl^at 

trs#«#*»«iWW£«K:is^T. 1r>it^a«. © 
g^rtWffi^J^^fcti-r-SE^JE^-fe^-y-i:, EGRf 
rt©ffi#£^mT-5EGRJ£;*j-fe>-y-<!:£^., 

ic«i;Ti*EGR**j|[a-r*B*EGR*j|[ai*a 

t, ©^m^isitfEGREE^jtcg^ 
T*^© E G R*$rS:aiT-S* E G R ^Sffi^ai 
trEGRggfifftH^RSr^U EGRgSSfcW^att. 
EGR^©®gSMW$r^M-rS^<»:tC«i;D, EGR$*« 
g & E G R m ii — SrT -5 cfc -5 K. EG R ffiM<D M'ffl £ff 5 
&©-?&&. 

[0 0 4 8] C©^Hj©lf^7(c:^-5#ai^X 

sssffidffligett, m&meiz&^T. tommm<Dfe-#& 

# fC E G R git«5r3tiflS5(I 0 tt5 EGR ©!ffll£Sik#R 
i> ^^I6ttSC*^^ E G RMW^fO E GRE^j t 
E GRttfmjkttlBKiSW-* E G Rl£;*J<i:©fiiIM£l¥tB 

TSEGRff^Iiftfjfgi:. EGRi£tsmmzm-3 
^T©A£AS£«IET£©A3S£iSffiIE^R<»:£Rtf 

[0 0 4 9] Sfc. C©«WOB»*5l8 fc«<5»jj^ 

fctlizM^X*m.J£&&it>Z>±f5.!£&lii^m&sSLltt 
[0 0 5 0] d©^BJ(Dlf^9tC^^^^X 

3SKfH9SBa. if i >=> stum 8 * -tr©v>-rn^ 
-r-5fe*©^®^x[HiiK#a<fc. isi^ffl^Ai^t 

CTEGRcSS£?§jET3EGR5fEfiffiIE^R<i£Rtf 

[0051] sfc. z\(D&m<Dmjftm9tzm2>micLXx 
aawitfi. it i & flr$£ 8 stomw 

f 5fc#>©^«;tf;z.lHliR#a<h. EGR^flKT)*^^^ 

R<t saw-*: 

[0 0 5 2] 

MM» d©^0J©lf*iii tri3^T«. SCttffi. © 
A^fSfi, K^fE^J:^EGREA^tllL. S£ 
ttttk K««BE**irXEGRflE*A»6»f«JfaiiCC«e 
■3TB«EGR**±C«EGR*«:ilX6JmiL. ©A 
BSfEGR$5*5«fctffgEGR#lCg-?^TEG 

R^Masswr*. cmuo, iEffiit;EGRDStfi$: 




[0 0 5 3] $&, CCO^BJ(Dit^2(3*3^T«. * 

:?3j;tfEGREE:*j£&iiiU ©^SJE^iiJ: 
£>*E G REETJ^ ZfftfeWtiij&ZftiTEmE G R^J: 
yt*EGR^^*^ajL. KA£&a, ISEGR$ 
*3j:^EGR^tSo*UTEGR#5g«^$iJfflir^. 
cntCtOv IE*fc:EGR8g*£IHWLT#m;tf;UlttJ 
a^te^TS. 

[0 0 5 4] £fc, CKO^?8©if*«3{C*3^T«. X 
ifcttSg, ©§l^flE2j:fcJ:tfEGRflE*j£8r 

J:tfE G R/E^A^HUf^ffiSCtC^o TgfEG 
R*;fc«fctfg|EGR^£jfei£gttSU ©A£^a. B« 
EGR^*5<tC^j|EGR^{cS-D*ViTEGR#M^Sr©I 

^>«SKR-r«&&t>lr. lEHKEGRataSlftWIU 

[0 0 5 5] H©3e9I©iW»H4K:*^Ttt, 31 

&R& KA^fi*«tlXEGRBE**t*ffiUT, H)f5£ 
JftbitK:fler>T«««Ea, liEGR$, SEGR$ 
*5«fctfAMEE£if5£g:ffiU ©A^a, B^EGR? 
&£cmEGR^tcS^TEGR#IBg£«$IU IE 

mzE g RSta^snp-r s c <t tc =t o Sffi#x»tBis 

[0 0 5 6] CCD^BJ^)|i^5fc*5^T«. 31 

fet^, ©A£^a*i«fctfEGRfiE7j£&tiSbT, TRfe 
SCSUStSeoTK^gff^, B1EGR?, HEGR^ 
*«fct**:»BE*Si£JflJiU «A2S*«. ISEGR? 
*J:I«EGR*i:»^>TEGR#i*SI|l|»U IE~ 

aEKEGRaEafettm-r*. cnirio. m^x^mta 

=3 7.h^>$r*^-r^.. flfj£»EttlB-C©EG 
R^SgOTEGRaSSJE^HMfcS-^ViT^ai^A^a 
S:IiEL. x>5?>*EGR#*©«,BA5y**liMt 

[0 0 5 7] CCD^BJ<Dif*^6lC*5UT«. 31 

&Rffi. ®^«EE*£.fco:EGRj£^£&aiLT. fSfJg 
SCtBiCiC^oTKA^ma, @iEGR$, SEGR$ 
43cfctf;M5EE£if;i£JF£i}U ©A^a. ISEGR$ 
43«tZ/HEGRmtCSo*tiTEGR#P8^$:©JffllL, IE 

[0 0 5 8] d©5SW©gS*«7ir*J«,»Ttt. 31 

Ctttt. ©^eJE2)&<i:tfEGRjE2r£&tBL-C, Bfj£ 
»tHSi;^oT»A^l. IIEGR$. SEGR$ 
*5J:tf*SEE**JSJ|ttHU «RA£la,a, IIEGR* 




ttfflW- 7- 1 7 4 0 4 8 



£<fctf^EGR*«ca^TEGR#PgSE£ISraiL. IE 

rticEGRSKasMffl-ra. cntc^o, SHu/x^m 

a^{gia-r-5<h<i:fctC. I77D-t>1t^StlT 
axK^>&HIf^. BfJ£aMB«J8TOEG 
R« , «SOEGRfflBBE*(Bi6K:*^»TJKlKAa»a* 
SrifElU, X>5?>^EGR#*©tt,BA7y**lii« 

[0 0 5 9] C©«WOBI*9i8»C*t»-Cfa, 31 

fcttlB. K^ i ffEE7ji3«k^EGRJE^^tBL^ #ihil 

uj-r*££«bc. aifettsg, ©^/e^j^egree 
*^e.H)f^»ai^:fc^oTKA^ma, b^egr?^ 

J:tf3*EGR*£iija«BU KASSgCa, g^EGR 
^&«fctf*EGR^CgtJ^TEGR#IB££«ip-r 
•5. ZLtUZ£Q. jE«fcEGR8f[«*««UT»tfJi!fX 
#ffl**««T*tt*>K:, I77D- fc>tj-*«koyt 

[0 0 6 0] C©&g&©8ffci&E9tCi3^Tte, ^ 

ffctfXgAaS'Sffi L/T**Mf X*AJfe&» S E GRSSa 

[0 0 6 1] Sfc, ^©%BJ©I»*^1 0 C*UTtt. 

EGRSUffli^ficja. *»^^iaiR^^y-AiMP*iitjfr 

[0 0 6 2] 

£TF. n©*wo*»«fj i (w*si 1 
Hiscsj i <D~>z.TA±#$:&tm&)\z7K-rMi$.m. m 2 « 

0 1 rtCOfc-^SCMWi— .y h 2 2 (Dmm^-f^a 
0, @3ttIlftOEGRf 1 0 ©raaSBSjjVrSfckBr 
®HT?*0> S-0{C*3ViT, 1~5, 7'— 17, 2 0~ 
2 2, 1 0.0-1 0 5i5«ttf2 0 0~2 0 8 teHiM^ 
tUtfJfcCD-Tr&S. m^iCStOT^.— h2 2ft 

©EGRi««iMw^a:o«flB3&tmat*«:*. at. e 
gr#i i<DMwmm*j:zMnjmi£*' 01 8, b 

19, 0 2 2*5«fctf0 2 3 tC^U^SD 6 tt® 

SJE27-fe>+h 1 8 HE GRf 1 0 rtOEGRE^jP r 
£&tB-r5EGREE;b-fe>-y-T-£D, ©M^JETjPm*. 
cfctf EGRJE7JP r «. h 2 2 CAT? 

[0 0 6 3] HliEGRf 10 OP5*iWUc£E*iS*«* 

ca^^icEGRf i 0Mzmw*>ntt*j7<<x-? 

£0, EGRE*t>lM 8 ©I8«&HJ; 9 fcTSEflJ-T 
fc*r5®^3lCi2Cv&H£&ttSftT^-5. 2 3fi« 
««fli=7 H 2 2*»6©»««^Ffc:*SLTjS[*r 

[0 0 6 4] ifc, m3\Z^X. P attKS.gSrtJC 
P e xtt#««l 5rt«)fiP^m^T$.-5. &43. t'J7 




W 7s 1 9 ^Stt&<Tt)EGRf 1 0?3fc:H:JEaga*fiF 
[0 0 6 5] m^SftlWn.- y h 2 2 tt, *««E;&-fc 

T SIEGRS1Q o Stfffi-r 3 @SE GRgStSgLaj^ 
fti, E G R»IQ r ^B*E G RStQ o i-ST5 
i^CEGR^l lOMttefr^EGRftMffl^a 

^0*Jfi«llC*^T, BtEE'-GRftSffttJ^fttt. X 

[0 0 6 6] S^a«JLZyh2 2rt©EGR 

8SSStti¥R«, IS«HSil:^i;TglEGR$0 
o*JStH-r*B*EGR*ffffl#at. ©A^fiQ 
a. RfifEAPmtitfEGREAP rlcX^T* 
^CDEGR^/3 r SrSLffl-rSHEGR^fftB^a^*^ 
3k EGR8E*ftO«^Stt, EGR#ll©18ffi«S 
&JTr*c:<fcfc:<fcD* EGRf fir^BgEGR?j3o 
£ — 8T £ i -5 E G R gSitQ r CD $5® *ff O <t -5 

[0 0 6 7] ft*. EGR*flrtll ««©SSAaji; 
SQalC#TSEGRj^SQrco;i£-Tr&D> «J6"r* 
HffiSt (Qr/Qa) irioTStoSn-Sttl?**. ft- 
Qr=Kr-Ar-v r {2g - (P 

[0 0 7 2] fib. (1) -SCK^T* Krtt*U7-f 
X 1 9 comm^. A r tt*U 7^19 <D®g&®|g£ 
fcttEGRf 1 OCDMIg (*U7-fX«Ufl!)**) , g 
ttfi#lP»S, R X^ifc. . T r tt:*- "j7-rXL90_ 
±«E©^fxaflE. P rttEGRJEE*"fe>iH 8 ££94* 
tiiSnSEGRffi*, Pmf4aft»«flE*-b>U-6K:«kD 

Ar, «AJHl3aflEg*J:WifXfi*R»43l:»c-e»*. 
[0 0 7 3] Sfc, (1) JC^^Tv (Pr/RT 
r) tt#XMEfcHarr*«TftD. EGRWlO£>± 
iHlO»7l*T r iit»«EAP e xflDfcfcfcJ:* 
l£V*<4tttfr> tt^lTr^r/i^Pex^f 
{fctSBfcfcfLT, ^niOppmig) GOT, Sff 

(1) 5ttt. £TF<& (2) a©£5fc*»SftT!0MWfe 

[0 0 7 4] Qr=K/ (Pr-Pm) - (2) 

[0 0 7 5] flU (2) 5tfc*HT, K = K r • A r 

•/"I2g - (Pr/RTr) ) l:«at4*RT?» 
(2) SC«kOM6*^J:'5^, EGRJtiQrlt 

EGR/E^P r*3«to:gRaB ! lE*Pm36^6*«&sns. 
[0 0 7 6] &\Z* Xr; 7 r S135 IC&V>T. §HP£<£> 

EGR$0 r &WmTZ>« £<&<fc€N EGR*j8rU, 
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fc. B«EGR*j5olt I^OIKftft (jEGRSBtt 

[0 0 6 8] BI4*cJ:^EI5(D^n-5 1 -v~ S£ 

#8aLft**S. Ell— H3^*Lfc^<^5SM©SIJSfisn 
©ftflsKloHTKWr*. 0 2 0W >;U-5 1 >tCJ; 
9EGR*J»«LS Wfy^S2) aqfcffSftSt. 
T£>£5tC. H4©EGRIW»ftia;W— Sft 
5. 

[0 0 6 9] £"T> ^fy^S 1 3 1 K*l>T, S-S-fc 

SiQa, zkfflT 8ft Xr^/S 1 

nfcBg^ry/^-^KSoio^^ggEGR^iS 
oSR*ttrr. ^nb0XT7^S 1 3 l&^tfS 1 3 
2tt* B*EGR*j8o*K*tB-rct*l»^T, ffiSfi 

(02 1) 601-S6 0 4C^t5. 

[0 0 7 0] CCC/fcU X>y>l^EGR^ 

oTEGR#l l*?HimiB«EGR*i5oA*»6n 

3felr. EGR*0 r £fflfflT*&«>. Xfy^S 1 
3 3C^^T, KlfE^Pm^WEGRE^Pr^ 
.R*2«K £ft>T. 7r7ysi3 4l:^^T, £TF<B 
(1) 5fc.("WlO* — fS) fc«ff-r*JlttJ:0, EG 

RgftSQ r tjna-r«. 

[0 0 7 1] 

r/RTr) • (P r -Pm) } - (1) 

EGRittQ r «J:aHBSAXMacDlKXSSlQ 

[0 0 7 7] r=Qr/Qa 

[0 0 7 8] Lfc#oT, (2) SC*«A"Tntf. EG 
RmB x r\A. CATco (3) SCOck5t«t>sn*. 
[0 0 7 9] 

0 r = (K/Qa) /" (P r -Pm) - (3) 
[0 0 8 0] ZL<D£o\Z. Xfy^S 1 3 1 1 3 5 
IC<£9, EGRoftiQ r ^EGRE*P rcfccfctfKSW 
EAPm^b*i65Ct^Tt^o 
JE^j-fe>*y-6, 177 0- fe>lM 2*ci:OCEGRJE^ 

EGRE^P r*<fctf«««m*Pm*fflt^T, EGR 

[0 0 8 1] £AJL<B«fc'5k:B«EGR*0 o^ct^XHE 
GR?]5rS*em XT7^S 1 3 6fc*HT. § 
MEGR$eO(h*EGR?i3 r <h<B{ia A j3 
U EGR^iBMA fl = 0^5AWCct0M#*«— SLT 

[0 0 8 2] fcU /3o = /3r YES) 
WJfeSntltf. *EGR»j3r*«S*EGR*i-8L 
Tlf>«OT, Xfy^S 1 3 7tC*5^T, EGR#11 



(9) 
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— auT^&v* no) tflssntin * 

"rv^fS 1 3 8^*1^ Xry^S 1 3 6T*HJLfcE 
GR^<SMA3tc0i;T> EGR#1107fy^- 

[0 0 8 3] «±©»1*6, @SfEGR*/3 o<hlHE 
GR$0 r t^-afSct 5 »3ttWr Silt 36<T*, 31 
Ctt!i«CJKi;fcEGR*fl r a>tmifi*!1&£fc*. S 
fc. « J 3 t SC«lll3.-y h2 2tt* H 5 <&fl&3i;u— ^>ii 

T*»fiEPa*«kar*. 
CO 0 8 4] ST. X^y-JS 14 1 fCiS^T, X>S? 

So t>U X>Xh#§gT£S YES) t 

fl«Snn«, H©fc«©*ft«flE*Pmtt*«EEPa 
SSLWSO^ 7fy^S 1 4 2K*5^T. 
EE^PmSr^JEP atLTBtOa*, Xfy^SU 
3 jcatr. 

[oo8 5] x>* hmrextv* crfc*>-s. n 

O) t««Sfttl«, BSWfy^S 1 4 3^X3k 

[0 0 8 6] feU XD7 h^HflEdA^WfiltfiUiT* 
oTXDyhWf7*«4Bttttt*4 Crfcfo-fe. YE 

s) fctajesnna ud^ h;uHfl^©/*siiBLL* 

ttWSEP a^6Kft*OJE*«ife»r««-ittTU&flE 
ASSLTt^&ft, X^y^S 1 4 4(Cjl^> K^t 1 
ffi*Pmta^T*JO*T*»BEPatLT*Dii 

[0 0 8 7] >5\ xd 7 h;uw««*«»ffifli**|-c» _ 
o) twssnna, xfyysi44*x*y^UT 

[0 0 8 8] BUi<Z>4ffl31 Ufy^S 141-S14 
4) iCcfcD, »«*3»CK^6n&9ft«*BE*-fc>-!J-6 

sss&fta-rsxz^n— t>-9-i 2^e>cD»A$st 

Pm= { (Qa+Qr) 2R-Tm) 
[0 0 9 5] ffiU (4) SC«C*l»T, Tmf4©mW3 
rtc^aflf, V c «I>y> 1 CDv'U >^*S, NettI 

jA \Z 3* JfrT ^SfS(Z) SiEGR$i3o SSMEttffi KlfSi; 
TJ£»S<fc* SSEGR?0olt 0r = j3o^b, 6t 

Pm= (Qa/Ne) (l-/3o) 2 
[0 0 9 9] dCT> ft^ (Qa/Ne) *3<fctfX>>* 
>IsHE*NeJC*^T, SlEGR$3o, ©MW® 



jE«3ttEGRM»*SISrSC:t*«T#S. 
[0 0 8 9] Sfc, dG>3B9!0>glBT?tt. EGRiSSQ 

T*tt«-lr>-»-*K*tntf, C^i^CEGRS 
BB*a*SHffllUTEGR8K«Q r ^SH^TS ItOTf 

So 

[0 0 9 0] mmm2. «c* % ±B3Wfi« 1 Ttt, KM 
tffi^PmiiEGRJE^P r Sr^m-TSfc^JC 2 ^OK 
• »«EE*-fe>* 6 43cfctfl 8 &Rtt«&S**A«&t£>. 

Km^EE^Pm^r. WI«BEA-t>-y- 6 «Jfllr>* C 

[0 0 9 1 ] B6tt»«fEAt>*6ttlll/fc;:© 

■tffii&m. m 7 &m e towr&MWz.— > h 2 2 <nm 

5. 7-2 3, 1 0 0->10 5^2 0 0-2 0 8fi 

h2 2H K«flf£E*PmS:||Lffi-rs&»CDai»:^a* 

[0 0 92] H8©7D— ?=-v— hS:#agbS:*t 

0 6^i^0 7tZ^L^:C(D^BJCDftSg^J2cDl(jf^ 
IZt^TISfrrSo H8fcl*tr>T\ S.13L SI 32 
£>cfctfS 1 3 4 — S 1 3 8tt|}*iH«OXTyyt?* 
0. S 1 3 3 a^cfctfS 13 3 b ttftSfSECD^^ry 1 
3 3f£*feSl,T^5. 02O0^-f>;^>mi 
T% EGRfHW^yr/S 2aWr$n££. ^8cDE 

[0 0 9 3] ST. Xf77S 1 3 lfc*HTX>S*> 
[BlCftNe. KA^iQa, *i!T 

1 3 2ICfe^TiM8l:i^TgS^fyA 
*BBKa*5cfctf@fi£EGR^/3 otteULftft 
EGR$]3 r SrSflSTTSfctf), Xfy^S 13 3 a H:fc 
^T, ©MW£E^Pm^J^TcDci;3fzg:ttirSo Ttefc) 
RgfEAPmll 3iiiW><&, £(70) (4) SCT 
3E*}£*iSo 
[0 0 9 4] 

/ (Vc • Ne - 77 v) — (4) 

T£> (5) ST^b^n^, 
[0 0 9 6] J?o = Qr/Qa -(5) 
[0 0 9 7] _h|B (4) 5*;K (5) SCSftA-Tiltf. © 

gfEAPmll aTcO (6) gtgb^n^, 
[0 0 9 8] 
R • Tm/ (Vc • T) v) (6) 

fOPmH Affi (Qa/Ne) 43<fctfX>>?>!E«E 

SNe^BBSf *m^T. JWTO (7) STSbtCc!: 

^T#S 0 
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[0 10 0] 

Pm= f { (Qa/Ne) , Ne) 
[0101] *tC, Xf-'y^S 133 blC&^TEGR 
J£;ftPr£I^i^ JWT. i5^Xf7ysi3 4- 
S 1 3 8$:m?TTZ>o -Ttet)-*. 7f7ys 1 3 4iz£> 

(2) ^^ff^^ffb. EGRS5fiQr£^fcb 
L/v Xf7^S 1 3 5\Z&^T (3) ^O^ff^^fr 
HEGR$]3 r U Xr^^S 1 3 6 iC^fc^ 

■ T, g^EGR$i5 ot^EGR$0 r ^-glT^ 
-5^g^£¥iJ56U -ifcLTOtifcD^yys 13 7C 

kf^^S 13 8 K&^TEGR^g^A jSfOfc^T 

[0 10 2] ^±£O^S^e>, *^JlCDit^<hpgttl 
\Z. ggEGR^i? o t^EGR$]3 r ^-St§<t 

o\zmmtfftt>ti. m&vimzfcvtzEGRme mm 

fe<, IE«&EGR(lim*«lt*Ci^T*5. 
[0 10 3] *J£#J3. &*5. fl£*cfc?K ©mSH^iir 

>tfl 2 43cfc<tfEGRI£;&ii>-tf-l 8 £iiftrr*i£ft&* 
. &Z>Tzl&, hxbYy7&m<Z.£\Z&Z>. fuT, X 
77D-t>U"12tt*LT, «etttt*cfctf»«ff 
JE* P mlcSo*V>T©A£mSQ a £ JjLffiT 3 £ 3 fC U 

[0 10 4] 0 9ttX77O- tr>-*l 2^#IBSUfcCl 
O*M<0Safi«3 (lf*^6tC*tJ£;) c^>X^A±#£ 
^T#tJ«;0. 010 te0 9 h 2 2 

OffIM^t7D7^0T*D, &0l;::fct^T\ 1 

Qm= (Vc - Ne • 7) v/ (2R- 
[0 10 9] fflU (8) SClcS^T. VcliyU>^ 
Ne ^^>^>{Hjfe©:, 7jvW» Rtt# 

flc«J»#i)vtt^!R»flPBE*Pin, X>>?> 
EhJiK&N e ggfE GR$3 o ©Ht f 

(9) 5C-e*foSft*. 

[0110] 77v=f (Pm, Ne, j3 o) — (9) 

[oiin (9) script, mmvsmEG 

Qm=Kp • f (Pm, Ne) • Ne 
[0 115] fflU (1 1) jCKfcHT. Kp^ST 

[0116] Kp=Vc/ (2R« Tm) 
Q a=Qm-Q r 

= Kp • f (Pm. Ne) • Ne 
[0 119] «^T> Xf7^S 1 3 5K:*^Tfl»5&<Z) 
(3) S^5HEGR*j3 r**ttjU Xfy^S 1 3 
6tC£t>T, ^T7yS13 2^ci:j;sl3 5T**b 
nfcg«EGR*?0 o£*EGR*£j3 r <fcGD<PIMA 0£ 



(Qa/Ne) ••• (7) 

-11; 1 3-2 3, 1 0 0-1 0 5^^2 0 0-2 
rt- *y F2 2H KA^MIQ a aT*Jfc«><0«Jf 
[0105] 011 W70-ft-hS#iU?S: 

1 lC^tiT, S 1 3 1-S 1 3 8&iSfi&£m&<D7>9' 

yy-e&K). s 2 o 0HI77P- fe>-y-i 2^m^T 

JIHc:* 02 0 >JU— ^>fC43V>TEGR$dfflU^ 

7 7 r S2^H?fSn«(!:, 01 1<£>EGR$«;U— ^> 

[0106] X^u/^S 131 fc:*5V>TX>>>> 

(Elte&Ne. SafJEAPm, *»T6H*a*, 

If, X>^>lWtfEGR#l HZ/^yJribmittl 
tt. B«Xry/^"-^|g«aol:TEGR#l IjWH 
W-«B«EGRSp0 o^SSns. 

[0 10 7] ^(C, Xr^yS 1 3 3tC^5ViT^efCE. 
GRE^JP r TsTV 7 S 1 3 4 K*^Th9 

SBO (2) SC©»J(:^6EGR8S«Q r £J¥fcHUfcf£. 
EGR*££ r £fOTT£*:£>. X^ryZfS 2 0 OiC&t^ 

gflf3rt0jB^»&RASMQm (=Qa + Qr) 
MU fflfritofcSEtT© (8) SCT«toSti-5.. 
[0 10 8] 

Tm) } xPm — (8) 

tt, ©mS : /E^Pm43j:^X>>?>[Dl^ia[Ne^>glS:<h 

tav. «t<& do) st-eafrsns. 

[0 112] 77 v= f (Pm, Ne) - (10) 
[0 1 1 3] (8) 5«3c£tf (1 0) SW>&, tt^Wft 
RASSiQmB, WTO (11) STSt^tl^o 
[0 114] 



Pm (1 1) 

[0 117] Ifc^T, KA^iQaH 
(12) j£V&t>2tlZ>. 
[0 118] 



• Pm-Q r — (1 2) 
[0 120] fit, febggEGR^jSotllEGR 
r <hrt*— ifcLTt^tUi, SEGR*S ri<!8EG 

Xf7^S 1 3 8(Cit^ Xr77 r S 1 3 6TS 




mztitc e g r mm& a 0 kus ctxx -y a^e-^ 

[0 12 1] dtltCiO, BiEGRffloiHEGR 
35/3 r ±o\zUWTZCiitf-e%. m&tt. 

miZfoCIZEGRmP r (Dfflffl&oSmiifcZ. SA±<Dffi 
J«*J:Zflfl3K:«fcD. nA hT-y^TOJLTIESS^E 
G RftfJP&Uff T-5 C 

[0 12 2] 4 . (M*^8(C*fJ«:) 

> 1 v>&±m2ifz\mm. < g±mm<D<&$L , gi£ij Pmtc ± 

[0 12 3] ggJ£0iJ5. &43. ±fgHiSW2~^SS^J4 

BfS«J|ISCrtt*>-6 (7) 5«3j;tf (12) ^IC«fcDff 
tiibTEGRiiP^ISfTLfe*^ X>i?>l^EGR# 
1 l^C0gBS.A*7iy^^#ftb/t«-&> ±1B«*5W»S 
#e>nfc©^/E#Pm*>J:tf®A£laSQ a KglMS: 
Um. EGRSOfflUC^M^^UTb^^dtJC^: 

•5. 

[0 12 4] ^CT. s I>y>l-?>EGR^ 1 1 1? ©35 
SA7^+^J;^±fB©E GRfWW®SS:ffi«-r-5 d £ 
*ta*Ut». 01 2tt«S/X53'4 l KJ;«tt»IS2SSffi 

[0 12 5] CGOif-g-. H^J2 (0 6) *3<fctfSli608 
3 (0 9) <DnttMW3-=.y h2 2t»bT, rt4B« 

aS«HtflJ^$n^:<i:^lCEGR8itSQ r £5$fH6<jK:" 

oi;t5EGRHiiit#at, 3entate«»i=*»t* 

EGRS^(DEGRE^P r aiEGRSlIf Mttl 
»C*5lt^>EGRJE^P r btWfilMAP r £#ti|-r-5E 
G R EE fcffl H ff m ^Wt. <h IS 6 taT ^ £ . 

[0126] cos*as«5 taffl-r*«-&, *&s 

«2©«^SCia»3.r:y h2 2lCte. EGRJE^d^A 
P r iZ&^T&^WEEtlPm&ffiiE-rz&ig.'gmtiffi 
lE^gtf^t^n. ^Jgflsj 3 oifsai^ry h22 
Kfi. EG REE ^3 A P r IcS^TKA^SQ a 

»c«to> x^-^s i 3 3 a-r*manfcft»»E;fcp 

m, A^-y^S 2 0 3TfftB^nfeKA^m* 

[0 12 7] ST. 01 2^©7ryys 2 11 £43V> 
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[0 12 8] =bU S*a<Ettl8T?jSti cr^fc-&, N 

o) t«$nnn -€-o$£>j*->u £fta&K 
sst&s (-r&fr^, yes) tflssnntf. xy-y 

ys 2 1 2 ICit*. EGR^W*D«DttS8T?©EGRii 
SSI 0rtC9EE^jP r A«r«ffl-r*. 

[0 12 9] «»HT. Xf-^S 2 1 3(C*5^T, EG 
RMMRjk^ftKJ: 0 afflttK: E G RSJPSrM U t Lfc 
X?7^S 2 1 4K:feHT. EGRIW«liaiUO«!B 

^tBSn^EGREE^jP r Ai3«fcZ*P r Bj&»&, EGR 
EASSAP r SrjStiJ-r-5. fcU x>i?> 1 ^©g&o^ 
lZrt7y*&mKtll£, EGREAfilAPrH ^«?> 

[0130] — 6U «fli:n5y+)jt»ftif, e 

GREE*/iil§AP r ©^-fbfC«t>tl-5©T> Xry^S 

2 16(Z«t»T. EGREE2>fiI3tAP r fciSUfctflEflS 

*fcEGRIfiMft#llSfcWtft^Lfct*OEGRffi*flBI 
AP rCfcD. ffliftA5y*fc*tt-**|jE«ft*»*J66 

[0 13 1] £TF\ A5y**IE«RftfflV»T. hU^W 
«fc5»cadltl=«kO*«>6tl&«»*BE*Pm (0 8F*3© 
Xfy^S 13 3 a#JS) ^iMA^MQ a (0 1 
Ort^X^yl/S 2 0 3#B&) cWbT. -rC5U/=MSSS 

[0132] m&m 6 . jtiEnss^j 1 ~*ssfisj 5 

Tit KA^IQa, S^iCWEE^Pm&JctfEGREE 
^3 P r mz&-3^T. E GRSSSQ r -fe it^A^ 

EEPaSr^ffiU. lEHStCEGRgfEgQ r *$0HUT^5 

*«. ^^xiHiitzi'X^A (§&«&#;* iejjr^s:) s^rr 

5S1©«^. EGRgftgQ r EWlC9Mk^]»t«A« 

3 cd< >^-i7T-*-;u FfciSA^n^fc*, j^ffic^ 
A CD^ A ck -3 T©^«EE^J P m*i^b-r -5 *5-€-*X#<& 
-5. 

[0 13 3] d©«fc-5^©m«EE*Pm®^kt#^. 
EGRSitSQr \zWkm&±C. EGR«I»K:«JS*4G 

«t ^> e g r ®mf&m%ffim-tz> c l, h. 

[0 13 4] 01 3«^^7.[iliR->A^A^t-'5« 
6 (It^H 9 fC*t^) 0 1 4 (20 1 3 

<a«^5S:f&i»:xxy h 2 2 <z>mim$ : 7K-f7uyi7m-v$> 

0. &0»CJ3liT. 1~2.3. 1 0 0 — 1 0 5:fcJ:tf2 

o o~2o sitmfttmmvhw&z. 

[0 13 5] 2 4~2 8«SIS^AlHliR->A^A(D^fiE 

s^tso. 2 4\mmxxz®ii5. i g3izmx-?z>?tsb 

0®iR i g. 2 5 IlifaUffllaz-v h 2 2 (DffJPT-eiHj 




At5/^— ^Vlz/'f H, 2 6tt^-yVl'/'f K2 5 

(D±ssffiijtc^tt s nx^t5t^^sig$ nz>* r XT. 

^. 2 7«*r— X^2 6©±oitflJlCl£tt6n;fc? 1 x-y 
[0 13 6] ±EOJ:5lc«J5!E*nfc»f*^ig«>'^ 

2 8i*g©«»a«**LTfcK#;*«fcfct>. 

coi37] ~fs. x>i?> i (Dt&mm. Bfje*ft*«« 
cpti!)^-?vi//-f K2 ssftffsrc. +tr 

X^2 6fc!ft*Snfc*fW;*£X>S?>l©«$Mff3 

[0 13 8] £0>««. m&?>?2 8frZ><DmWLUX 
£X>v>> 1 \Z®W.-tZ>frtt><Z)MWlJJX®W.m&2 4~ 
2 7*iKlt&nTV»-5CDT, ff- itfMiPXX y h22C 

mmkmizteCTrt— vmmm^c P «^rr«^ 
— s>«»#&£. m&Lrtxmx&Qv&w&vimizfov 

Si. 3!RlK;tfX®AfiQpia£i;TEGR«tSQ r 

[0 13 9]^l;, 01 5©70- ^-V— b£#BgU7S: 
d*«E>. £©*w©M^6CJ:sjii«iMtsfco«r>TKW 

■f*. Ml 5tt^f&#XiSAfi£&aiLTEGRdftfiQ 
r £*Hrr-5£:ii&©$&SJl— ^>Sr^-r7n— ^-r— h 

[0 14 0] £?\ 7T->7S24 1l:i5UT. 

fflKosu-r, x>i?> i tzmx^n^>mm^^mxm.Q " 

P*»te-r^. 2 4 2(C43t,iT, ^St 

#X#AaQp:tecktfEGRsitfiQ r X©EGR 
oS*Qr' £JJTF© (13) SC(C«fc 0*26-5. 
[0 1 4 1] Qr' =Qr-Qp - (13) 
[0 14 2] Z\tl\z£0. EGR85fiQ r AiffilE^n, 
IE?SfcEGR*fJffliaipJtg£&S. EGRf&JWsi: 
^ft^XlHlHX->X^A^ffla:tC^ffi)S-B-fc«^fe. IE 
«fc E G R «W#tRjflgft C £ \t m o £T fe & t 
[0 14 3] ^SSW7. _hf2fHJ60y 6 Tte, X5=- 

•yyS 2 4 2(CctD*©EGRo?t»Qr' &&tbtt&. 
*cog^EGRSSfiQo' £jfca£>TB^EGRgitaQo 
fcSiELTfc. ^WIC*©EGRgftSQ r ' tfm<E>tl 
5. ifc, mWLJJxmxmQplZfcVT. EGR$3 r 
Sfeli@iEGR$|3 o£|§iELTtK |g*ttlCft(DE 

GRSIQr' *n»snTm*os6*t#rs. 

[0 14 4] HiS60iJ8. ±fB*JS^J6T«. sS» 
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2 5©TSfflSlca[«ttSRtt\ sSfBttfXigAfiQ p £iS 

[0145] JUigfi&J 9 . (If*^ 1 0 \znm 
■ZhXZ. ±E*«g«6Ttt. ^St^X^A«Qp^M^ 
LTK©EGRoftfiQ r ' £3<$!>-S> d tiZ «fc 9 E GRog 
ftQ r S:«IE-r-£>J:filCLfc*t. m^SSfflPxx-y h 2 
2K35l*^iaiRJjtifc^aSK»t. EGRMiP^lC&ta 

ttt. mmji*mwLi'Z.T2±<Dm<$*%k±?z>&o \z l 

[0146] -r^£t>^. m^SCftlJWiX^ h 2 2 ?g©|& 
tfc*'X[5JiR»ih#S«> EGRSiattibSut^ 

^AIQp*0l:f5. unJCtD, ^^7.*t|5j 
JRSn&^fc*. EGRgSEfiQ r CUW»fiSUS*»*i;Si 
£ 

[0147] ■ 

i$£w<D$bmi &,±(o^z>\zz\a)^m<Dm^m 1 ic<tn 

tt. f^^K^^X^K^W— SoSt^li-SEGRe 
i. E G Rf ft CinsiM^X© E G RSI^ 

5EGR#t, ft8&mmv>mmvtm$:8itii-rz>±>-*)-m 
at. t>t)-¥g^eoigi*ifii:^i;TEGR# 

©«9»*fr3EGRi«a*!lW#S:£&«*.. ftflSaH© 

gI^Hit5X77n- fe:>1ft, ©^^©JBE^S: 
^ttl-r-SKmWm^ir^t. EGRlrF*9©/£;*j£;&fcB 
-rSEGR/E^-fe>-y-i^^ WEttSBflHBfcJfcUT 
a^EGR^^-mtiS-r^B^EGR^ffai^ai, KA 
S^Cfi; ©^WJE^feiC^EGRffi^tcSo'ViTlllS© 
E G Rm&Wtli-rzmE G R^Sttb^at Sr-^trE G R 
«f«3fffl^R** : b. EGR«tS§iJP#©«, EGR# 

oaKlian&aaE-rsctciD. egrwbseg 

R ^ t — gfcT -5 i O \Z E G R ffi,&<Dfflffl Srff 5 «t p \Z L 
7t©T, EGR#OHttA'77*l:J:e,T, IE5S(CEG 

[0 14 8] Cl©^BJ©i»^2tC«tntf. ig* 

^llw*JHT. EGRffi*-tr>iJ-©iS^@J;OfeTat 
*OEGRfl:*ij7-fA6R»J, *'J7-f ^KiOE 
G Rffi^j t©*^JE* t ©EE*JI*««l:-r * J: 5 (C L 
feOT. *StClESIfCEGRaEa*WiBI-r*dt©T# 

[0 14 9] ifc, H©»M©l»*3B3IC«fcn«. if* 
m 1 £tz\tffij£JM 2 tc*3Vi-T. F*g^K©f?it«5gP#$ 
TM®m.^<D±mVimft<D&§eL 1 gl£t)lz3 l -3\,*Tl:5i.J£ 

TSiLT^X hy^>$:||31-rs<i:i ; btc > EGR# 
©t*tt A 7 y IZ =fc 6 -TiEBl ir E G R gSta M d 




[0150] dw^BjcDii^4fc«tn«. ftm 

mM<Z>m%.fi*&&f5. < g^mi%2 J &2>EGR < E£. EG 
R^\zmtli>m%-^ 7,<DE G R«tS$:#JP-r-5 E G R 
#<h. rt^M©MfEttfflS£;&a3T5±:>1*-#Jf&<h. "fe 
>-*^Sbi» 6- ©atettfflHttUcjS Ctegr #©ft»£ 
fT5EGR^«§ffl^|£ rt*!S«IH©Sf»^^ 
©^£rt*«HKBfleB*Ste*SMK#xa«*!»g 

fflf5l77D-t>-ti-t, EGRSrtCDJE^J^Ul-r 
*EGRJE*-fc>0-£«r*, rt*K«8lil©lal£gci3J:tf 
«Affl«*K:*^»TS»[«|*g©EE* * juht s 
EETjffUJ^&i:, aiE«IB*«»=JEi;TB«EGR** 
»BT«B*EGR«|ttB#ft£. ©A£3tfi. K^iW 
ffi**J:tXEGRflE*Kl*"^HiT*IR©EGR*tflcaj 
T E G R*SJUH^ft£ E G RgitSff tB^S* 
tU EGRoSSftffl^&te. EGR#©jIg§®;fg£^ 
MT-SCliJCckO, EGR^S^EGR^t— %ct& 
«fe5KlEGR»«OiW»*ff3J:5K:Ufc©"r. RffV 

Jr. BGRflESM«|Oflmtt6|4J:$«^jUfxSaE 
[0 15 1] d©5BW0W*R5lc«fcntf, if* 

ft*5BC««tWftSft&fc*KlEGR8»*ai«! 
WfcOWSEGRttWJIjh^at, £*XeKffi£* 

E GRfOTf © E G Rffi^j tEG RfHWUlfctffigK: 
*WSEGRflE*iO0KSSJ|[Ui-r«EGRffi*aUgJ|C 
IB^&t, EGRBE*ffl6»C*tJ^TK««BEA*4ijE 

T#, S6fcEGR«*W»©«*tt£|flJLS-&fc*« 

[0 15 2] gjfc, £©569I©8J*3l6(;:«fcn«. F*Jj& 
«H©»«^*9yMP^jSaES-S-*EGR*t, EG 

r \z.mnz> © egr m&^mm-t 5egr 
>-u-^e^ e. © sssttssif mzi& i;t e g r#©$ijp & 

ff 5EGRoit«*JW¥&<fc£{if*.. J*J*55t8H©ife3E;tfX 
K5tgJE*-fe>-y-i. EGRWrt©JE*S^ttJ-r-5EG 

Rffi^-fe>-y-iSr-&*. rt^s©iHieK*5«ttx®mi? 

MfiSa¥iS:i. aettffiflMBlcfcUTBWEGRSpS 

JE*/£<i;tfE G RJE*KSrJV>T*IRO E G RSgSr^tii 
-r * $ e g r ^tb^a £ SStf E G R Sitfiffaj^a* 
tU EGR8tSfHn^gl:l2. EGR#©®gS®SSrS! 
S-r-SdtlCiO. EGR$*«ilEGR$,!:-at5 
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«t3irEGRSSES©$SWSrffpctp»CUfc©-C. XT 7 

ic. EGR«««w©fli«ttsiRi±a-a-fc»»^xjiat 

[0 15 3] ifc, C©%BJ©if5R9i7fCcfcn«. If* 

t. J£«aCtt»i«:esnfcfc€rk:EGRiS*£aHH 
WCOCr*EGR«fWIJl:*»t. «#3Itett!8K:*s 
t*5 E G RMimo EGRE^jiEG Rfflgf StitRIBfc 
43tt-5 E G REE ^3 1 ©{SH£gL£t}-r£ E G RJ£?jfiISS 
m#l&<h. EGR£E*«*»r*tJ^»T»ASSia«*4tiE 

T?*v *&ICEGR»«lHW>««tt*rfc±Sii-&*» 

[0 15 4] Sfc. £©«9I©fll*H8fcJ:ft«. If* 
m 6 * fcteif *3i 7 Ic *1>T, F«3M«K©<?ltttJl^f * 

S*»'**«£E«Hi^ati9:»*fc©1f. I77D-t> 

S§iU EGR#©4#f4/t7^+t«k6TjE5g 
KE GRffiM&fflWTZ C iO-C**»«^^a8S«!W 

[0 15 5] Sfc. Jl<©»9i©8t3#JI9fc:J:tttf. If* 
Sld^6.If*^8S-t?©Vi-rtld''tC*ViT, 4R&^>^ 

fcffl^&t. *1!fctfXi»A*fcJEKTEGR»«liiE 
T*EGR«OMHE*R&fcKW-, *«*X@iR^5r 
A©^^f©KSC®EE^<b*teifc-r5«fc^fcLfc© 

^k^f-XlHliR^X5 i A©^*s^:<^:0. S&fCE 
GRSSfiSdSI©«^*l6]J:S-&&^?!/^a)5KfHWS 

[0 15 6] t=fc. £©569i©lf#Sll OCtntt. If 

*9t i *^e.if*9i 8 ^T©vi-rn^ic*5ViT> 

HWftt. EGR«ijffli©*fff \zmmi3xmw£f$iv> 
Wjft & m it -r * ikmk * x m «R a t * is fc © -p . 
e g r aw ic#-r s mm.xx m jr->x t- a ©^»**^ < 

[0®©ffi#^tia^] 

[01] -©^BJ©*SSfi»Jl©->X^A^:{*:^«EBSWlC 
[02] Hlrtoa^SCMflla.— y h©A#acrtHrtSS 
[0 3] 01 F*3©EGRlf©^3aS:^-rffi^:E9f®0Tfe 
[04] C©%BJ©^Jg^iJl©^- 1 ->;i,_^>| Ce fc SE 




[05] c<Dmm<Dmmmi\z^^m.!£^mmm^ 

[06] Z.<D%W(»nmm2<D^7,Tl±±W$:®mm\Z 
[17] m6ft<DmT&mffl^v h<DM##)mi&$:7r; 
[08] Z.<Dmm<DmMM2lZJ:ZEGRMWmm<D§h 

[09] z<D%wv>mmm3<Di'XT&±#-$:mm&)iz 

[010] 0 9ft©lf^Hiazy hroll#&<J«J5££: 

[01 1] d©%BJ(D|IM{»J3tC<t^EGRi!flSift^ 

y n— -v — h -C& -5 . 
[012] CW^?g©^iSCa|5(cJ;^lf^ai(i^^ 

[013] CW^BJ©Hi£«9J6«v-x^A^:*S:«ES§W 

»c^-r«j^0T*-5. 

[014] 01 3^01^^^ h<DM#mmi$. 
[015] z.<Dmw<DmmM6\z£%mmxxmA&\z 

[016] ^©X^-yAqE-^S!<D^^XjlSSt$iJfflI 

[017] 01 6F«3Cil^S;*!lffll^>y h©JI:#:f$«Ji£ 

[018] 0 5rt©EGR#©^W«fi£^-rfi'J»f® 
0-efeS. . 

[019] -j&ft&EGR#©^«4$tt£^T#tt0-C 

[02 0] — $Si&3tSLnir3ZfflW3-—v Mct^ftOffll^s" 

[02 1] Se^EGRSdP^SKl^Sr^-r^P-^^ 
- h-C$>2>. 

[02 2] -^B<)^X^-yA^-^©»,f^imS^IBl?jS 
*^0<t«i: ; fefC^f K^0-CS^.. 
[02 3] -&mt$.7,'ryrt*:—j?<»2->®®m3i&.\Z& 

% mm/*? - >*s «fc zftBi&x [6] £ tkTwiw s-c* 

[02 4] «£5|5©EGR$!lfflIir*3t7SFamS^USWf-5. 
fcJ6©#i40T-$.^. 
[^^■©IftHfl] 

I X>i^> 
3 

6 ©^ifJI?j-tr>-tr 
8 XP>y h;HBS-k>-y- 
10 EGRf 

I I EGR# 

1 2 I77D-t>* 
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1 3 ^.'XZJ-iJV 

1 5 mm.w 

1 7 *ia-fe>-y- 

18 EGRJE7j-fe>-tf 

1 9 t'j7^7 

2 2 ^^^^1^--^ N 
2 4 (hJIR^ 

2 5 A-yVW-fK 

2 6 *-r=-7s? 

2 7 fi7^/W7 

2 8 mm?>ir 

Cr EGRfiW^ 

cp n—ztmmm* 

P a 

Pm- ©^ffJETj 

P r EGRJE73 

PrA EGRWP©EGRJ£7j 

PrB EGRf&fJ$P^ik*<DEGRJ£73 

Q a ©A^mS 

Qr EGRgti 

T ?&3l7KS^ 

Q &'Xm^ 

Bo ISEGRf 

/3 r HEGRf 

e z.uyhj\,mm. 

SI 32 |gEGR$$fHJl-57f7y 

SI 33a ©^JETJ^tb-T^X^^^ 

S 1 3 4 EGRoStfi^-lttil-r^XT-yy 

S 1 3 5 S£EGR3S£fftBf -5 X^ -y^ 

S136 B^EGR^t^EGR^t^jtt^-rSX^ 

v7 

SI 38 EGR^iilliC^CTEGRgga^Wffll-r-S 

S 1 4 1 ^j^ag3CD<?±^^fiJg:TSX^«yy . 
S142. S144 7<mffi«r«^tti-r-S.X^^^ r 

51 43 K»« : ^ia^«:^-rS7 t ^-i'^ 

s 2 o o WA&m.mzmiii-rzxzrvT' 

S 2 1 1 ^SS«M^*U^T^X?-yy 

52 12 EGRWffll^COEGRffi^^ai-r-ST.^^ 

y 

S2 13 EGRditi^rStSOWtCOfC-r^X^-i/^ 

S2 14 EGR$!lffll^il:^©EGREE7J^iii-r^X 
777" 

S 2 1 5 EGRmTJiSM^SCfcB-r^X^y^ 
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